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Bi&mymUm&lB of aijelsl© a©lA® tm^ t-tieir 
presai-CTsorej ^le IsiriRe and pyi'latiin® tesaSjis 
a f i«M of Im.tesml'w^ 8fe% to^s^ i a wimi oH tfmtw 
isiift 2r©.pa^ j€ii-cti©ii. a t the isol.»€iylBr l.«w#l* l^cru— 
®tuilj s f pariii® mi& pfrisi4lfi# M^sfat isseis im4 
teen gi*6a*feij faoi i i ta ted: fey ' t i^ •a^aSlfefeil.ity tsf 
•a imssbsr of ^a t aa t etrttis® of ^efaisyichifi ml.%. 
to a a t i ^ a i c i t y , pat&oeS€®i«4% ^^'^ fi.mi«a&8 lias 
heeu a 8MbJ«et of ijw®@ti^.tisa i s tM© iBst i ty t© , 
•sslne© ff5-4?» i«. €0atta«ati@s of tl»& e a r l i e r work 
in, tfe© tn%mv^^4tms^ s e t a t e i i ^ of eas^^ii^i^s-tes 
u^^Mie €i0Si eimthesf ® afi4 teeak^ijim, l i ^ irffertoa 
i© ©-ttt^ s^ Katl^  ls®|jjg s t ^ S e i tetb a t tlie l®wel of 
t l ^ cflsa^mes end. Uin^ ©etaljtilltsB csncsi^eil* fbe 
C i l ) 
wsffe l i i i c l i iiixms t i l© -s^tej^et iMttt@r &i ^Im 
Mm&^^^ttcm i s tfe® omtmM® o f thm mattmw*m 
mfiQTtm l a "ttte d i r # e t l s i i o f ©tet&iiits® sssae ta fbxts^ 
a t i o n ii%:>iit t k e M t i l i s m t i e i i - o f pi:rte.®s fey 
fAk® mkgl® ©f B u t e t t i o u a l reii»i2'^&isiit o f f t t r tefe 
^ i ssa t ro f l i s , f rom thm p o l a t # f i i l # s o f fe«3€fea43lt 
l » l i l f e i t i o a fey tfe« &wA prs4u©* o f p s ' t o e i ^ t ^ss j f 
m^at €jf puna© i l l th« tedMe4tosi o f « isE^ea «ia# 
a lersiai ®. imi lsrJ-t f o f f s i r i aa pa-^issf %«t^Bes 
f »^_, e l i y ; i ^ ^ # and i i s . , ^ i M . •sfSffe sina© tet.@3r©stlcg aeit 
«!xfe # f Uiim i m t u r e am irjl.fcapi-0s l ias ^ t . hmmi.. rniAe^*^' 
%Bk^m ^ f o i f ® and as saieli t&e #a-ta ®%talaeft to th© 
eottTB© o f i l l© pres#Jit g t a i f WQHM %« • s ^ i t a i i e fe 
«»4«Fs tasMaf -as© piii ' la© M o s y s t h e M e eee:NERi®3 
OH&Fflti I 
M<mg»ui i< i ;mi>Wii ' f> i»* 
immm^fim 
vaxdety ©f es"flr-0«isi@fitii2. ceMit l^as- imv# ^m#.e 
iml©©llMlisr aieit)^«srgsrsi»aii iteaPL t@o,l.a fo r 
of r«. |plstor|- pmi&^a-miB i&mmmlmm ©M- Slrostca's 
imiM^ y&&mt da t ing %a.s^ t s tii© siEtioii ©f t&o 
fees 'fee^ Ki' ©f &i, aeto«mdlsg ©f€«r» Apart f i ^ e tM.Sf 
sli« ©s.33t«slie^ clMiffitsai ^©aatlos® cieilist©*! t^-
esieetetl miQ^^-iiTgmmiMmBf life© eerlsSB mtwaiMB of 
jemmtf ftaigi, B^tiiMmgemttm -aad toget«i?I®|, a rc tli® 
feast©, of wmfy l i ^ o r t a a t ls,^4st2rl.00t ®ii&.lag s«iil*» 
&*&!© t© us a i r s r l e t j ©f t^^ii^trial. ©oJ^^ite, 
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lis tii« eradlcatioR of tii# ?Ji,seasc® ca^s^e l^ % 
file Sivers i . t j of tlia ©li^lcial ©c t iv i t l ^ s 
af d i f f e ren t b io l^g iea l foims i e teo^ #fe¥iaiis t e 
»©« ,^ aay ap#€ilsi e t r^ae . ft*® imity of .purpose 
Tmyst'Mim ®«ti«tM by 4iff@.r«^t lliriaii e©ile a t 
ilM i€i¥«i of tii« ^lisetil®. I t i@ sial.3? in -fee veiq^ 
recent pasi, tli-nt. I t ba® fee©»a'^ ©eiaBteXi^sM tim% 
a.1 .^ ccsmaei-wattoii ©f ©tiftfgy ©.© ttes @s*er teM ©f 
<lBpoii4«at »^tli«si© of 'poifser stniotujmB l i k e 
©os24ai2> to a l l l l ¥ i s g fenB© Ifm-osfestiT© ©f rtfe,©4i*-
©tlcal, o-u'fcfK>se of t-Me €:e¥«lap,s»iit i a iKp-Uei 
feaeteria,, i n tJi«it^ ©tt«4i«© d:i»i^tei agaiatit tJs© 
o f K©1 
Aft a t t i iap t I s Slide SJI tb^e foil©f?|jig- I t ees 
f i t ® t t » u^e Qt iaero-.©rgf«lsiis as %i0^,eM.efii 
r a le ©f yeast lis a lcd l io l le f iut i ieatetidB sni. 
liielgi@r*8 isaO'iiotrsttott o f fe j ^e t i t a t i o i i Isf^  c e l l 
f ree e^trae-ts o f ^:mm% ( H s M ^ i , t92>| l e i t o t&e 
4is«ov©y^ ®ir tfeD ®i2^8satie pros©ss©s e e i i a t l i i g 
i l ia tereaMowa @f earteotefdrateis.,. AgMn* f t irs© fei^ 
.geims« ;r@a«itioa» was a i t e ^ ^ i * flts'ee eofaeteJi^ 
tea¥© %u-sa i s s l a t e i fecjia^ jeas t i a M^^ i i j ' gai^lf tod 
fara.: ©l.«r*|E -witk t ^ plK^sptor^lstet teteiaeftlate© 
iad ioate i - gl^eo.l j 's is ua the ©©st is jpartsat pstlsmy 
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li^recfcer tmA 'smiPiil-QVLm^ 1951)- I t ®sys ti ie i n i t i a l 
Altluiwgli Ifla® eiaai^ical w«rk ©f Osr i ( 1 f 3 f | iQK. 
KMsele pfeasphorjlas« aj:-}4: timt- of H^ safts- Ctf40) oa 
p laat pi»#plMrf laa# reveal sd tfee ro l# ©f t M s e 
<M.gj®ie l a tetli tfee p!»epli©i^lyeii ! o f ^-fcc^^si. 
aii4 etai 'sl i tmJ; fc&e reverse proeess o f s fn t l i ss ie o f 
sie«&fi^i©a o f i5lM@GSjr'I trarsslsro l e a i i i i g to 
443#e«feari4®® Ii.ic# siieros«: was ®l.ii©.iimt«t l^j tli© 
i s sow »3i0«3i t© 0|^#yst® saei^s© spitsssi-© l a ^I.^it© 
%0lf,a@ pfr«v&t@ %m ® ¥ i i ^ t ft^S'.t&ti teailMpl© 
psttiwisys t imt - ' i i^ now tas#Mi t© sksst ' f o r tlse *" 
i i e s l M i B t i o i i o f p f r iwafe to^  f t c l i soet^itlxi^.©-
sa i tljj:^M#6 ace ty l C-oA a ^sr i -et f ©f 0-tfeer mifestifs&tes 
" m©^^ i©m fMT t l io mt- i l i^at i^ ia o f t i t r a t e fey sSani«e4 
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pig«a,a tereast wAmelm, i t «ras ttmrn 'Wke woi^. ©f 
%ynBm Cl953)f Mpaaim- {t'-lSSls Oeliaa (1954) ^ » i 
0 t l is r® OSS, C l g o t y l M g a» t l«_^^l i^» i t fe@«^st' 
e f i i e i i t ttta.t t i i « s e d i s t i o s o f tli@ ^mt^m^mm £&wm 
o f pmtet l ie fsate mi® ©ssen t l a i f©i* t } » 2«-©iiifjoB 
f•rsps«fi ts t o ga l i i e i i t r y SJife t l i e a^el©* A® ars 
©xtfga.eioi3 o f t M © work , i t l ias fe®^i siMiim ' t t ia t 
^^ -^ £ l i £ l l H ; i S f a t t y tmM Q«MmM,Qm Q&ma^xn t lsrs i igh 
ti l© fox«e. t ioa o f CttA e s t e r o f tt© f a t % ' i i eM« %' 
ffe© i s a l a t l o i i o f t l m eQ«i is^e f sna o f B|,g fiKiia 
gl.Mtmffla*e t® p -«« l i s ^ l ss|iartmte-CB'msfeeri t f 9 9 ) . 
B t o t i n appears to te© i iwe l i r€€ i i t trs^Bes^tex^rS-atiiJii. 
i^aet iam© i l l pz'Qpitmlc a « i i . 'feacitesla C^^ts^^ Sfla4 
' i r ^Mj I.96O).. m@ r o l e o f f ® l l e »ci«S. ami, i t s 
4©rJ,trmtlv©8 I n %hm t r ^ i s f e r o f l-ca^feon ©omp^tisSs 
iamiflirei-. i a thm hMmynWrnstm mt mm^ as tno BMMB 
sfflMl p«*ri»e® ^eer*© e x i s M e i t f i©s- etmdles OTI-
Sartor t 1956K 
A fins foyMatitjii for ttie mmpmxttmmt^ 
^itsi© i i«i6s «&s l a i 4 fey Bfarjox-y St®»&i^ssm i f f i i 
l j#r is#lKJol a t Ciiftferijig®. Oar fcuowlaig® -Qi i a * 
^mtlmmtm i a ®oi«eulay' teiology^ ©Jsdtteily silei^^--
©r#iit for MiiFsv©iii.i^ 1M |»i*0«je«B©® mummrt^ 
-®Stto til© p&lys©ri.©&.tias ©f •aett¥«t®4' -asian se i i e 
of i .#a^t24aaelf»tli#s to gl^® il@« t« WA* Im. 
a l l t.to0s# ifistimo®.© ttoe batil© iiifo^^atiQU. &s© 
toe^ pvaw%S.o4. bj stttile® em B-. ce l t I'lteaiss^&s 
ea r l i e r * i^"k cm- tli® Is^y-etioa Qi p-^fi^&.ctmsi.djmm 
^ &'...MIi CColmt 1957) aii-4 pimi®illiis®e® te 
t© til© prebles of pix.*tciiit ®3?ii'tli« .^# ®^pl,^^^a:tli^: 
pai^tloR. i s to i^otete®. 
I s th® fl«ii,i o,f gea®ti«ss s^pia, tii© ferule 
of A^^ T^f, M^Jiartj mii. €itkmrm Ctf44| ©a tlie 1)1% ©f 
i^se#i©'fe®lf I'M t& ^im mm^semttmn -ftiat i t is- _t&e 
DHA EKJietf ©IT tli# g-eie ^ti.sli tm eajtasM ifit-lt t&© 
f iiaeti©« Qi a e t t i ^ e® t t e ea»i^ ..-@r ©l nea-etie la* 
a ^®t<KS; ©f irisn ni io ®ppli«mtt,€ia i s ^mpptm& 
out tM« .(Siiit^s^. ©a t t e g ^ s IBA* fl*0 stetl@a @m 
r®auit of bofit—pLSt^site jwlationsli lp hmt- mlm© p s^ -
^fiei. tie ^ reveai lag t&e plieiK>s®iis>fi &f IfBogen^ 
{ftoffiast 19601* & posr@rfyl tealial^ti® tor ti®i®-« 
dia@ii^ fetaelaeMofil eJmi'S.cstci'a, e .g .* ^®fiilr^«i5,t 
di-ws •oylgiiisilli' absent: tm a etjFelii. 
fca.©fe- in B@tali0lic: eyele® or tfac: j^meticfi olT §e»# 
tm 4sfia±t€ Mvaaeee lis. ®«r «K^:e3m-^Bi:i^ o-f •&» 
e^a t^A ^^^m^mmem i s l l ^ l a g ©©lie CAm^ ss- an t #eyif,» 
l a tM® f i«M cmr taiowl©(lg# eosee^Klng. ^^eii pru* 
««®@«s im Ktera.fei.sl ©f st«i® -lias* i-^&elis^ m trnwet ©f 
eori^'Spaiidiiis. f i e ld of e-tu% oa tfea ^im^aaltea 
Ia4«*slieu, rmp'tmmm-t&n e s t fe«€tesc1k infelMtficm 
9 ' 
l i t i l i sa t io f i of lo« ©ale^Mlar ^^igtit ®#tixte»iit«0«-
to tim. €eprt^t&l <if a e<iS"iea &£ rnkm^tsmm of 'ttt#l.p 
SM^stem-tes mmA mmmtg^-^ i^ti-iag fSa^l ly t « i i s -
ei|uiiifej^ys.j, ifji.4»r pjmfiwettoa @f a. k ^ ee*ate6lite 
i ^ s a l t s fa a slaw rat® o» ©©»eati©s, 'ai'tegeitesF 
fii#€fea«fc l,«^el. a l so eomti^is tlio •oiitpmt »f ©ssfBes 
pMt of a © e t e ^ l i t e l i k # p^i le- i lMs fey ttee 
f g | i M | J ^ ^ j ^ t e f e ^ wciiiM fee e£ gr^^it a€v«ri'tag« 
^ ^m. Iji ©totalaif^ gf^eat^r y i ^ l i s of tbi© -tnig 
rx©rs -f4 miltijkm «.ii4«tr a gli?si s e t ©f ©ultiimi ^ l i 
postttom. end to feoee isiter-eotst lii. ^ © jpsl^st lese 
nisarelj. fay Et©ta%0l,4e patli^ays.,, t&^x^ efitt %© mo 
b e t t e r t©©l ttefsi tfct© lja-Ci*®t^ ^» 
u 
%lm ^ W'^mtm% fi«r© hm&a. r^^ier^ei %y P©lMtss@r C1995)-
' ^mA enspies a t M i e i «,pta 1959 imve fe#-@is stiK^ari-#ei 
fey nhAmm%mw& Ct959)- "She g l y e s l y t i e pitl it^s^ 
C i r le toa Utefibi *md S.^rtresta^a, If56®),. the k&mme' 
CB^r^-^w® j t j d . , 1953) 1? iMBlRts ^a^M CXf®* " . ^ . ^ * 
t 9 f 3 i l i i ^M i i ® t ^ t t 99 f l I f - ^ said f r t s t o s l a r t i , 
t994)t- A&t0a:m>g.mm^Bm& (mAmtl. e t _ ^ . If SSI 
CKr i ^aa Baarti aai. Shrlyastava, I f f 5 ) , ^tmmml^mMe 
sii# S3ter'i*a8ftsirs^ I'SSi^lt ea ts las* CSa^ -eam ^ t a l t 
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1954) f seiii-^siaase ( r% i lmM, 1 9 ^ 1 SB4 T^mepta'S> 
i®atrQf iai{ ^sy i i® (Bitrm®t, 1947). ^ i ^ l l m l t m ^ 
l a tliis -^mM-MB^f, ^msml^ l8«eit i l t i is# tea mln^ teeis 
•m«^©4ai« ox i ia i ie i s i dea l i se * i n tkB *parftl«mlat,e* 
fim©ticiii® (Si i ipr et mXt -1959). 
t<i -te® i j i l e a«t i0a ef l^eogfK® tee ^em. stiiiAea. 
^3rt€»si¥€i^ Cllrtsimii 8 & j * i , If60fe| t f i 3 ® | i i B i i ^ 
a s is^od 1ms fe©«i, de^QlopM %& dl^ido^ wife^© e@lXs 
iios®t til® Sfte©j*ofl&©t m^3tei^# OT piiaifflm. m^m^^m& 
f ra©t iu i i »iw fo«M to fee r i # l i 'IJ^ sufiitiiiate ssiMasii,: 
ftoe ey topMi^ ie aa i S»IMI>1«- fi 'a^tt^sa @st*riM tlas 
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i n en u l te - l i ^e s^dlyis i^ ,€Jh i n astits asif ts, asigEO a^ s^ ld: 
t&jB «»sii.®r «»rfe o» i«^SJia8®f Umi^mm C*t9i0) tea ©fes^a 
•Hi© pr-#seme« of a ¥a i l©% of. 4i-* sai. t3fi-^#p%Ma©a!B 
€ii^m«e- MM %©©a puMfit t sis^^i'eXfold % .gel 
Aistr t fe iAet %©*& i n til© p ls ia« Mestoi'iia©.' m^ M t e -
• iaeorgoimtlMi- # f C' - l a b @ ^ M ^liws^ ^Jida i n t o 
IS" 
.lisfe .f@l.l-0w©t the riit©» &i Ime-QVi^wnttmi. o£ Bmt&m&t 
0 «l&l»ll@d ®et«bolit®a a t AlSimw^mt &^mm i«t® 
Kmiweg #t .til C^962) tev© sis®. imMimmA tiMHajptoiatlOB 
.®-ff©et ©it sl.tj^4¥i.ol.«t tri:«=4imti«ii sa ^©IS: inso-r-
pQjmtiQU* thm ttrgeiit a«e4 f o r a l e t t e r i*B4^f* 
^ t lm®le©i . i s m. Busbar ©f r©p0ft© tw^^m i^ifs lafeosa^j^^ 
mte€.«!f©©l"iji use o f a tos^ai sisi i iaJl ata^j-al. ae i l i a i 
f a r tli.e .gx^Qwtli ©f ¥lli£lo-e .wai-® i t fffts«4M.<2!- to 
A feri©!' f^wlcw o f tto^ m t n ' ^ i t simtiits- o f ©»«' 
H 
llwieicsic a©i€® age ea4© mp of tji# rife©« mt^ 
B-X'm ^ i^x ine, , # js i i i f i#t e^ytositjie^ u i ^ ^ l l ^ i d tls^TSiiie. 
riltoeM^e #f th0i!# tan©®* fli® mimlntm aeii® mseoMit 
ttee d e l l C&sMSf 1 f i § 1 - I®-. ai i l , t i©a„ t« ttes© 
at ic iMe .aeMSi sklM^st -a l l ^ # e»«msji3es, ©•§•# lA^s 
fJi^' 'i3a|©r coispGs«»tii ®.f BHa. ear© tit©' 4#«^^^-fei-
m 'SSl^ tM)^ a f a j i^ l&©t ^©jii^#-^ ejftosim© an i *% ' -
im|®:r 'mm^&&i%m. #f ®A ii«« Wm^ 3Ptfe«m«8X€«tt#«# 
i .3 
S«>©®tl^l ®4eaiiae-t l - ^ e t t y l giMSia®, 5*s®t^Jl ©ytO'Slae-t 
WBMmw Mmm i ot the pyr iM<lt i i« rtm^ CE«irle mi%. 
Atlm^s 195?I hlim- M ^ t t ' J ^ I B I M I . ® « I l ^s tm, 
I958| &ittl.«f4®14 a.iii ©^m,, I f 5 8 | A^sai eaS Eaf» , 
t f ^ i C©to> 1959)« fhmmm a i»#r «ei ip i i i« i t i i sjre 
n^s f ly %5 p®r c « i * s f tl»@ USA ©f t l ^ tsl^l© eaU. 
C Tarns, 19S9). 
B®tste l ia ^ o l of G-&1XB <s<satatii tfe« ontoMe f3oa.s«,. 
€ i « and tripl»eplm'fe@3S ©f ssieiosSji©, pn^i^afee,, 
mm port o f es r ta la m^§l'&& ea«»^ej#S- f f i i t t e ^ ^ l fS0)« 
f i le 'bioB^itlisai.® Qi p&ti&^ an i ^H j ^ l i - i n i s 
i a e t %««»%• y©arS' a© a rsss i i t at mhimh ^ « ; 'iSiMr© 
fitjffi © i i ^ l e iH i i ts ka¥© 'been ^©i^feei ©ut i t i n ^s.g|»e 
©j®t^® s M i s t i B g ©te efeesi-cal. r^^-etl«m' ia^pjlip^a-
iM ttmir Ma@|iit&esia lisi?® fee^s ®!t^lo^.t is©imtsi , 
a f^ ii'B't t l i e i r pi-®©!©© m&nhmil.mk mi aet loa fcae M^i^ 
til® rt..te®^l s r d e o ^ - i l t e ^ y l ^ i © t t . i 0 .'S^e •»© ®teiy 
etsi l .ee spsift f i t s , feuttssi^ 1^@ ••iatl^at«_ M i ^ H g 
iiti.«jfc ae til© tMti&'tm.^ s i ^ rafr#a»t©B <^ a4 dep»ae6i©m 
% ?4©tal39lttes a l l a f ti*^ ^®aS@M® esai-jpsat ttt:l«i«sife -
f r s ^ tili# paint # f eyl>eiti«}l;l©e «- fe»f@ p^ i i r i l iM 
:G©i%3a aEi4 R i t rog^ i . ik^Mm ©f Hie |iia?iii« ' i l isg was 
csfmrried; oat i n t s t a « t p£g®t^ ®M. pigecai l l v s r 
i^^ee fffoai, ecu., csrfeaa S mS. 8 f r ^ i , fe^i^ate*. 
n 
smt hmwB, mm e^%eiisitr# as th&me ^mtAumtm «® av i^ , 
O.X* s i ^ ^ l i ^ a . sy»t0®o» M^:mwmrf ^m fsllQiiii^ 
C195S) femm tliitt t«, a t i l i g moA ^mmkmtmm'pm 
(1951) a©»ela4«4 tlist A@f^M#tftr 8.wmm&BmB ia«s@r-* 
pa^y©te4 gly©iR:e to tote ia.lte fe©tli. M.ciii»«. afti 
fmsm that l8.to@ll@4 ««3rtefi dt#3il^e wa© isc#ip5,imt©ft 
ifit© C^ - of t i l l pit^ -iis,®® 0f s* mM m^- t-Mt iift€«i.' 
IS^mi «t Sii (1952) f&miA tinat Ss ^^^4iig 
^ f ».,,^Ml|j|ii "Urn ia©srp0i?st4@a sf 0 -' 
18 
i 1953} * t&®^ iotuM t t i s t i t ^Mis i s c a r ^ i m t M 
iSstMtetl:®!!. was S|spi^i.i)Ktt®l^ Si® @^# ta. M l 
as Jm l i A . 
B, g@ll« Safest* ©t a l ( f 95!ll eyssiarte©i. tfjMJT' i s t s 
reaet iase i a some orgfsai-®^i ttee preo«s,iJ©' o f a 
IJ 
ffmAmmm fey Mi.cj»««rgfiiil,«&5s em% ^ imimwmim^ ©n 'Ifee 
symi^emtm im. ptg^&mn Itw&w ^ - s t ^ . 
pr^mi»i»^s ^ e g iw^ i l a F i g . t» .S«s# # f f l © 
i ^ ^ i - t i ^ t ie&£m'£mmmm pmrntutmimg, t s ©aete # f tfee»© 
s«s@ttoa« air®- ®» fo i l . i ^® ! -
CE#« i fe i ' g .e | ^ f . I f f 5 t 'Ami M...al* *9f5-l Cl?S*t) 
BIOSYNTHESIS 
OF INOSINE-5-PHOSPHATE 
OjTOCH, 
OH 
HO 6 K 
Ribose-S-phosphate 
ATP AMP OjPOCH, 
v . ^ 
Me* 
HPO= 
(1) 
6P,O,» 
HO OH 
5- Phosphoribosyl-
pyrophosphate 
(PWP) 
Glutamine Glutamate 
+ H,0 + HPjPf 
(2) 
oiPOCH, 
5-Phos[^oribosyIaimne^RA) 
Glycine 
> ^ + ATP 
( 3 ) Mg" 
v . ADP 
I ^ " + H P O , -
HX-KH _!¥^~'^ 
H.N=<i' CHO Glutamate Glutamine " ^ ^ N , ^ ° 
^=. , , ,^0 „ ^ H +At>P +ATP O'POOH n " ' ' 
CPO^H, / O ^ +HPOr +H.O 0 , P O C H . _ ^ 0 
HO OH 
^-N'^ornnylglyclnamidine rlbotide 
(FOAB) 
(51 
ATP 
ADP 
+ HP(^ 
^ 
(6) 
H , N - C CH 
HCO, or CO^ 
S ' AnlBoinildazole rlbotide 
(AIR) 
HI,^J^/= 
H 
R 
H , 0 
H 6 <iH (11) 
Inoslalc S-|Aoephate CMP) 
£-H-Formylglycinamlde ribotlde 
H,N—<f ,CH 
5-Ajnlno-4-. carboxy 
Jiiiiaazcle nbotlde 
J K 
OHC^, 
C^  
N'.N"'-
Anhydro-
PH, formyl-
FH,+ H,0 
O^POCH, >JH 
H,NH, 
(^4) HO OH 
Aspartate ADP 
+ ATP + HPO; 
(8) 
Glycinamide rilx>ttde 
(OAK) 
COO 
« ^ H , N - C ^ \ H 
OH 
5-Amino-4-imidazole<>^-
succinoVcarboxamide rlbotide 
fSAICAR) 
(9^ 
Fumarate o 
OH 
5-FormamldoUmldazole 
4 carlwxamide rlbotide (FAICAR) 
(10) 
C^O<;H, 
^H H 
H,N-''N*^ 
HO 
5-Ainino- imidazole-
4-carboxamide ribotldeOuc*' 
^ ^ 
C 0-3^:^lierr- S l M t '^9951 Flaks © t ^ s 19fl) * 
file teey 9b©@i'^ »-tic»ii I t ^ t 1®€ t® tfe© eesplet® 
of AlCAli fixm €mltuv0 ^sfilup. ©sceretei % ^B>_,.,j^ ,ll. 
&t ^.t 1f4Si Siii^e m%^.^, 1947) • 
AIC&l in |>3,a©«^  af p i f f i ^ fer .gs'owtli Fmised 4©iilit0 
in p%mism Moept t l ies ie . Per eissspl®, a fsrtise 
•AICAE £»!• §i^ »w-|;li (Popper* 1992). F r i s c (1953) r e -
portud tteat a piirte«*»r##«i^^^- sti 'sSn of 0BpMge%ism 
i i t i i i s ^ : AICAS fax-- ipp#wtla «isl^ i ^ ^sfimll ^namMti^a 
©f purine were e4d®i. fli^ @if®X'.» Ms te t ep i l l s s s 
5«. pMi. m&tmit® Cd'Ote, 1950) u t l i i ^ e i AWA QT It© 
sap|)i©i't«l ttoe preeiirssx* sol® sif AIOA i&r pi^la^i 
feat tli@ eompoijiid a e t e a l l y @;;B®r«t«# i ^ salp^^js^aa!^.© 
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^m^mmM&» fhmtw fiMingft iMi4tQm%&&. t^mt AtGMM. 
'^mm^mM m^l^ty tm iMt'm4u&m& pil^g' t o thm' ^m&pl®* 
titm of %im pwFtiie fli^i* 
5*gt:^ 8»MMi.ri%>iirf-Ajaigisii « tli© f i r s t sp®©i,fi.@ 
Imtmmm&l&tm lit py-rlae feisapitJie-sis -©^ fe® f^jniei 
p©-iislM# fo r ^-i&i th©. f^a^ti^jjs ,lsaf@ feengii 1#MI<S, to 
tee pjees^it tii laa^terfa C&g&s^aikt Iffifi llierii«li-
41CA fey pirtfi#»i^Qii.l^iig mrn^mtm &t ^^^^^^^^^A-*. . 
f©al®«lt j t ^ C1959t t f ^ t ) f#iiai. , ^ a s 1«^  ..f^.t 
patoQH^: s l t i s aaaiasris© exisi ,^t«sA i^ .,fefiM4@ aii<l 
m^ius» fiieoi^foratiiMi- ©f 3^«ll ,#i . fat^Eist-tf gl.jfe.la0 
eM, -iseiriii® in to parliM mmm pi'^^nstei^. teet i».sl®l3.«* 
a t i oa of iab«ll@<l ad-enln®, feyfssB^tliiafi m^ ^^mSM% 
'^22 
Mo^jmtliesia, aa i t l iat a ri«Jo:r s i t e of m^titm ef 
tl® fcmatioa ©f mm. 
of l i s i s pMa'iR© M©#3rottie©i# was ds^fsiistiated fey 
Iii©-^ e .^ i<l. Gots C-ISfS)* f:li©j foya^ t t e t m pweitm* 
wiii0li wmm otmmic^l^ ils'feiSGt fi»m AlGA M t c©yM fe© 
tfaiigfeimed In to i t i s a g<atetieallf ^ I f f s r e a t 
Otfeer woirlt©.rs ClsMaowits ®t^^,, 1956| 
*>^* S l - i i t t956| Gtemfe«rlaia e t .Q^*. t952| 1954) . 
a l so pfovliiet «iritea.e@s for All, as aa i n t e r s e d i a t e 
lis parin® "feiosyatliesi© i a aiero'-or'gainisus* 
1 t'sl® for %lat l s was g-^gsstM fej "III© fliiMag 
1956) I t&e escre t ion i s px«v€»'l®4 fey aspas-tie a e l i 
(ffrieiiaaiit 1958).. I t ^as . eeac lMM tliat til© malit 
®etio.ii of M o t l n wms in p'ro^iAiag mt &A%^tmtm 
8Mpp,iy of ae.pa:rtie aeld foi* tti..© fcsrastioR of siicseivis^l 
file e a r l i e r ©YlAeaee relat tag" Mot in t© 
tfee f ixa t ion of eepboa <iiQKi€© i a to .ptarln-e 
'>* 
ihmx^ &%^t ^953$ hlQhmntmim^. l9S1s Wemm ft.,.ga,» 
im ^^a e a r ^ x j i a t l o a t>f AIH# . ^® t fit .a^ C I f W ) 
afeow«i. t i i s t tlMji ®»iw©5P©i©» ©1 Al i i t e A I ^ I l , ia. 
MotSm #afic4®i%t yeast r @ ^ t i f i a M s t f e f a,ep»ptie 
msM ^^wm^®^, l i t t l e or a® eff©#t m^m %Um- msTmmvmi.^ 
©f AI3i "fe AlCAfi S^ fe« atesieii©@ of M.#tifi' feiit ^slMsil#s€ 
thm xtx%& ©f ©o{iyef»i-^i i s tfe p:i?©® i^ise ©f' Matiis* 
' All tm I^- pjmimmm ^%m e^AlM* SMCM aM AM/^ 
piJE4a0 r e ^ i i r i : ^ ^ t M i t s ©f B* ©all, isst S j u & l ^ ^ ^ S M 
i t s iitieI@©»Me® a«t^i^almt«€ 8J1CAE te4i-®e*lBg tb.©-
t0 Mem* 
f i i e i r fimdla^® ref i^atast <ieiiiitiie,lisi « t t i ; ^ ^ # 
If 
24 
tha t tik« ^isjB&'g whioh el©»if©« @€<^yl@sii©©iiiate ta 
^mm^MmlhlB far tfa© el,#ava®i ®f SAJCIil 'fei' AlSAil* 
l iSlfe) sis^-as-lai. fee p a r t l ^ i p a t t o s o f tli® fe^^I 
i©ri^«fti-^© o f MSA C5«t«s's^ii4e'tiaii®s«l.e'"#«€Si%9s^alflv®| 
fe^ A l € l fess not j "et %m^ €S3f©et%- #^ iaas- tmt-^ Sm 
t© I^-». f l i t® f l a i l f i g s^psr ts i - - t&e- ^ a l S : ^ttet a 
single- @Bgf©© say M i^es f^^ tM© fer ftei^lmfet^m 
#f€tM^^s.ti#a &t ^m . r©«At t« i fei^ii^A® ©oii;p®ai^ im 
IW Ih^iM #|_.al , I f S I K 
^ t t l J i © &3rm e,fl'®ettw«ly %^m the ^©id€i» ^ t t e i ^ 
^ t hmmi. ®»tafeitsi*««i; Pe t t i e r tit© aaiMise *^ai te 
eiieii clftiiipstasiee ^oMi i t i i i « r©-pr€?»si»:t ^ i a l t e r -
25 
Qt IMt f iarat at tfee foE i i r la t ioa o f g l j c l B ^ s M e 
Iree^etiois 10 | , ffe® glyeJisaei^e i e fes^^ Is fed toy 
g l ^ i B t C^«^» t f 55 i l l«^®i M « M * ^'93Q}* ^ ^ t a 
s»i- <s^i%ia 5 o f # ^ t i i e appear to oon-trisate 'sms® 
t ^ cmmmwmMm m£ i t s easfeji. S t© f#^im%®i- @ai. 
l®«i»y|s© i^at-0 ©®ii%3^ 2 a f M s t M i a e l a t e os^teit S 
# f •pM':!!!©^ Imt ttot i a t a c ia r l ^ i t Cfi^nrei. ®t.,,aX< -ftSS). 
2f 
^l^iB€ fssi tiwit IMP %fa@ ttw prMttiot o-f tM-@ r e * 
^©tioa* loy#4 .ait ^ f u s i m l k (195?! Ifei^ft ^m% %hm 
pi'®seii@it #f AfPt asi^aS.a, ® ^ ^ * « .AM* i^i, ^i»-
sl,aisg witii ©MP CMagmssalk ,s% j3.« 1ff l |« 
i S f e l ^ ^ f f i S ^ M ••* ?f^ *® C 195^1- ft^BS ^ s t a ,p»iii# 
tiiMisI to tlM lagar l '^m of •«!© pin^s^ ©siie^tti«ti@ii« 
laMMMoK 0f ^lafa© ^gsiUm&lm W&B ^IMisst«€, mm © 
p@>sei%l© esp|jsfmti©s toy taseeis'teati©]® @£ tfee 
p3*e»ea©@. &t th# ^is^'me r®^iir«t. fur MISA ^mWmm±M 
Am#® ©fill S a r t i a ( I f Si I f«>tt»i> t - ^ t tli® jreaettea 
MVB t:^&m plaosptertfe^ayl pji^ ^pli®e-gaS:t® was i^ 'a.Mtsi-
27 
mv aati toaek to i^ M* ¥ia AlClya CPi«. S)t tfe^ © 
earten "tinit® w M ^ arm re<itti.i'«d f p r Hi© i «g«a^ ra t i i » 
©f %lie p«riii® r i n g . 
^ ^ te©«^*sSoiss a f gu^ ime 3fi»g 4s« i mot apf^ai*' ^ 
f o r t t o efw^ieie Goav^ysion e f IIS? t© 6 ^ hg mi 
@3;4#sM#a oiyi; ^ i i i » - t i®s ®si. f®if the s^etne-iiw® 
i,e^ei^&ttQS mt 01© to 1 ^ are ^ t « « I , 1 j ' isMMt»:r | '« 
@®BS'#i'®ioa of I l# t© §lfi* iiiMMt® Wm le&mtt^ 
i s sfesi>ist@ -^ slM®® MA i l l . r# l«t l«a ^ -mis^ ©tte#^« 
f i l l s ^€« te : aabstte® t l » i f^st^ta' <§£ a ©t i i iy 
©f #@rfeafJi ae-te&bfjlic assents oa wt.M e s i fwrla© 
t r ia iaospi iate 4 ^ 
(AfP) -^  
K„t-( 5-Piioaplioribosj^l) -ATP 
piaosplia;%© 
CAMP) 
CliiP) • • (XM?) 
Guanosine 
5 * -piiospliate (GKP) 
5-Asiaoiffii(iasol0-4-
carboxafside r i b o t i d e 
(AICAiJ:) 
I tai a a s o l s g l y ©er^lpli© sp&ate 
(10?) 
lilGTIDIKB 
^ig. • 2 Pur ine iiucXeotide in tercoa-vers ioae , 
o-fiApfm iJ 
29 
muMmi .II •iB'j»t*.<-ia*j ij 8i.-<r'.: JWnt 
tfetsiled ka^-si**!^® eoimefiiis^: ttm M^isyattoseis s f 
©f miel®!©. a^iiSf botb. wild asiti pmjlis«i ftj^piriin*! 
©trais® of ss^ei 'al bae t^ r ia Ume aisppl<^«^$,tM aafi 
piS00fi liir«£' 4illc.es ^ J 4 Isair^g^jM^s (UBWtw^m mfS.. 
i5i<l.s d^maitiase C Aii-ai'^ saia ©t al» 1954) # sii<^-.eotl€a06' 
Cg^isteiaa l&r t i and. EJiri^ 'ae.-fes'imi, 1955 J^ t toiolsim l l a r t l , 
©as^satie psiasj®®©©® sedimtli^. tii® 6|mtlie..»iis. mm i s te - r -
in tliese istoisifatarieii ^ i t i i & ¥i@^ to eap #ist tfes 
patliwajs leading to auiJl®i« a s l i f&isatiaii i s 
y..,,.efaolfrii#« ITsian tootle isild ai5,d pisriii©- aii»»tr©piis 
3o 
30 
©xiKJmire t s yl.tra%'i0let l i g h t (I?feisto.raii.9 19^1 ^owtln 
«M ©0,r*fc&Sa r©lavati.t aspects of maelet^- a s i€ ®etefe®Uss^ 
emM gro«t.li Ifi&lMtioii hy a f#w well km^mt .pirise 
prepaz^A in tti© IMieisal'Cfeefflistrf MvIMoa o;f tfeia 
it 
jfSSiiliMit, 
All tkas© eyltero® w@f e ©feiaiiiei tli^pQi^ii Um 
iBoti-fm-te.. 
ft' 
file absve strmlnB wejf© Kil;atmin«s hy f e r t a i ^ l i t l j 
t r aa s f^ r s cm Butri^mt agar (pIS 8,0) of tli® folXcMlag 
ftEoid: pt*ptos#, 1 per c ^ i t ; 
aana l t# , Q*3 per e®»t| 
Aiprs a«5 p@r cent* 
ant l l i f tg t©! ! C195©) ami ws« maA© @a fol ios© -
f© m mlmtMrm of 7 .5 ^ pateseit ts dilSifdrQg^--
(2 |s#r ©< i^s w/?} araJ t . 5 s i aoacmliia. g«lpiist-@ (2 pcF ©est 
^*/v)t *Mo^ >t#i l iorasl »»tli«i® lij*4re.xl.i:S was aii®«i to-
elid.ft ^& pli to S.2« foliis® sf tis© ®:®l:iiti@s. wan BMM 
mpte 100 s i s t ml, &&eh <»f ^ & 5 ssps^sits©. gQljtMt© 
mul IwQm @al«tioa (0.t56' g f#2«^iss a^aiiStts sijlpimt® 
asi. 0.16® g © i t i l e aclil -dissol¥#4 Ss S l s t i l l e i ^is-tes* 
aail K^ fi4# ffipt© tOt> n i ) ws® &MBA gsft. ©^t-selavM a t 
15 Ife® pi'^fi&ui^ for IS iiifiiit®g* f f l o r te iii©43iiiatiQ,ii. 
ifitli- t&@ %mmt emitxtt'e, t ©1. of st«arile tQ pm^ omkt 
im W ml. a l t gusts o f ii.eiJ.Ma i lspcf^eM t a 10x1 c® 
pyrex t e s t febes. flai- ^ i a e r a l ©sasMtiiuist® a ^ gs-awtli 
«)4 
to 8.2 <«i<l tubes aMt«i.cla\'e!Sl a t 19 I l j / sq . i a . fo-essitre 
for 15 is.iott,t®#. .-.te^yisite iiao«fit Q£ gittco.®© ifRS a^A^ 
e ^ ^ p t i e a l i j p r io r to iMQ&ml&tie-m with Wm tmmt 
fles-ks ifi- a I jott le ©feafcer s t J f C C Siitsnssitioaal 
iLleetrie Cospaiij^', Cjsicago, it,H.^.)« Ftftj- ml ©f sMlsis 
w«re as,#i, ill KTlmm&^^mr tl&Bke of 500' s i cap®«i% 
pii>'rilttac an eff#«tiir© fluiin- to a i r ©pace r a t i o of 
titO. 
».Miii iHi •> HP iiliiiiii'i .iLiiiinpfjiim'Ti '1 If—iniiBrt'-'itrini--Tiiiiir-rrTiirii 
fi-rowtfe W&& ae©ai3S*ei from t«rbMi%y rmmS.im^Q 
til© rs«l. f i l i e r . 
§lwmn& mml mi&^^ml s a l t s «aei In tise ia«41tem 
mnt&ffmimt&f pyriiiidl.jie», iii.t€.ii5®diates maS. &mlm> acids 
Bio-olieaieai Corporation, OhiOt U.S.A.. «»sl G&lMfisn%& 
a f t e r 18 to-Mrii gi-owtls i s thm m%fM,%ioimTj pbaso. 
St imi is t ioB ©Jf grmftli of f^ -x «&» mitrntitM. by porlite 
a s i s rg ls l i ie s#fie@»tjmtl©fi i s fermigfet ©at Is- f%,©» 
I t would he. &9&n tJmt the a«iie«Htfmvicim ©f 
gjrawtii f ac to r s f'@rg«© tMjrMiitjr' mm^mB or'® ©fcrletlf 
•g i^lsljiit-© or 20,//g/©l ©f «irgtmtti@ B^®%€ar-eis&l#iAi:e-. 
Ifffef^t # f ^ jiyj»c3i^ gasg#ts} 
of g2t»wtli. as ILl#fet i -sai ln^. pr«6«ste^ 1M f ^ l e f ©IIOW 
fcljat oX all- 'fehe ©a^ rliQ-a ©0ur©e@ Qlm^sBm ga^e ^sil^am:. 
gri>wtli of th^se «t2«ins,. Maltose, fimatmt® aoi: 
stteeiRat® i a l t i a t e t grgwtk »ii4 .s^i l t ipl leat ioa of %im 
€ « 1 1 B feM^t ao t to tiae sa®e @a:t©iit a s ^Ureese. flier© 
In tli® foss. of forsiats, aee t s t e aM i8;etate» 
P i g . I I f fasrl- ©f aif f l i iae e<iaeaiitxmti<>jsi.a 
Fig. 2 Effect of arglniae ©Qae^aftratloias 
©n growth of yifeyiQ.. ehQlegae 
(1) ^ j i (2) f"^ ^ 
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I 
t?itls. a vieia to loeste tbe sl ' t# ©f the g^isstie 
tmA |>>'rf:MilJJ©' ©Qspoiifii:®^ prseiti-^or© o f i^ '^ l i i^ .rf,ag 
^^teiste t a ijl-iieoffle-^iasFel s a l t s s^J^jsa Cpli*© 100 A s / ^ 
fm% ml o f t&@ ^uc&s»-®ls.©i'®l ea l te medium 
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^0 
inemteiatiomt twrfeiii.tjr wmB wm&Qr&M^i, ftot i-esiilts a r e 
faMe 2 « Effeet of d i f f e r ^ i t pmriae ®^: pyriatiiR© 
eosfouatf^, p.re#ureO'r® 9i tbm pM'ifie l i n g 
fei'rf msAxm mm±Am mi ttm gi '^w^ of f*^ * ¥ 
ai:ii- I n 1 § t . 
0©a©owiio i 
1 - ^ 
M®i, i i i# 
mmmm 
w^mi.% 
f -As tee l s i daz^ l s - ^ ^em i ' f e i ^ s i i® -
l iet l i ic}mi i i« 
. l ! i& t fMB# 
t l a t a ^ ^ s e 
G I f ©too 
Clyeime f rl&Q«# •# f e l l © ^ M 
f o i l © @,©lt 
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r e f i e^^ &4m%im&. for ttm ^rowtla- S«AmiB»-te£:iii,Eolje-
the ®iitafi.t® for tile gx-^^Ui walesa taeorpo-sat^. tittls 
sulpinat© al0ii#,: %im foilU'sriiig- <SQS.poOTi€l0 ©a^li mat 
sufestititts affgiiiis® fa r tte© g-fw t^fe mi ¥,»^ ^ i . ^^«f. 
l5istJ.i.la« XjsiaS', aiti'i©i.H..laet c rea t ine a^. 
All t M s imSi©st# t imt ¥^^ femd- ?^» ar# geimitie 
piaer&l salt® seif*- " 
» V <iA i j wm w -J* n< ••.»«j« .ne 
enswtli o l f «^» f^«. ©ai InS ®a@. fs l l#wet % 
tstm t^lmimm^mT f lask cQatatslag gliai^Qe-mtectiBl* sal . is 
s a d i ^ wltii adenine and mv^Mtmm sapfi-es©at» as-
rsp®.rfet^ d; im f i g . 5t' whlek i aS iea te tba.t %lie a a t s n t 
et)pai»® gi^w a t a imte e©spi.«'®&i® to t imt »f th«- sflM 
©timla wJiea t&® t i im«r^ s a l t s -Ksedti^ . i@ gii.f!pi<Meiit«4 
witfe &tteaifi« isiid argiuiKs, t he ©wrw®-© esMfeit a 
f i g . 3 ©.3?»wtii eiir¥@s o f f|.l?g|.:0. ^faQlerat 

etaii 'ac^teristio It«g |jlme# of steittt t « j tisw.ys a f t e r 
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^ to 90 a iat j tes. f l ie eu,r¥#® rea©fa etati@iia-ry plia«e 
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f«« tm^ %%.^  to abaiit 10 p«r e^a^t s t d o f ® i M s t r a i n 
t© a^aiit 29 per Gm&t o f tM- .rtsp@stj|%*@ eomtsel* Im 
the ea®# of l a 162 3X^A8/I& fe^salmMagel© i^ 'aM 
a i i i ® i M s t r a i a &f £»*aisia©—S-feftfrs^pij'lse was, 
Ii0we¥0i^, a£ til® s®s«. drd&r. f « i t / « . | | / ^ ©f 6-a®iiio»2« 
5© per cea.t o f tJie resp^c t i f a ^iatif©l.©'.» 
Esatieaed mitm^imlmtm £om it© gxawtb liaMMticis ae 
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ii6¥tjrsal % adeaiJta of gi^wtli ishl,M.ti©a eoiiM 
fli® re i ia l t s arm ^rmsm&te^ %R tlie fsM.es 8«f0« 
I t %^oai4 fee 3©-@i tfeat tti© i i ^ l M t l o s of grow'^ by 
teaagiidiasc/lt a t Mgliar se.se@»,tfati0rts wa© not f^versei 
l y ai.@aiJ5@ In ¥*»» Msi. V,^ mm ImS , wto©2«as t a isiISS 
toe gsastlt iniiilJitioB hy hrnimimM&molm a t m^tm®ntw&tlQm 
Srowtii ifibtbitiois of t&e w i l i eti^Bls "fey 6-i^iJS#-
6 ®f ?^.g V^^ «ii4 I^S mom .ioMbilefi a t t imt eoi^«iit.»sfe-
of t«,»* l u t M ' ^ d l a p 
i&im pan® 3>9 ) . flic* eorrewpcjiaglag S9§,t»©l» w«r@: 
f afel© 6 ^ Cri*©wte I R M , b i l l o n ©Jf Vyi ami t^-^ tof* 
©ad te^i^Msliasole imft ^g^efsml fef 
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al©o ,niii« I t would, &« s®«at tls&t i s t M ps'ee^ne© 
o f til© pMx I^ao aaiiloisMts to® gs'swtii ©nt '^^ e^ a i ^ 
i«:lsiM,ti©rt i s s ta t ionary s»i= lii-s^isi ^©Mil,tio.»s % 
tat* i t t b i b i t o r y «f.f.e<3S ©f tli® ^ i t a ^ M s t s , 
eap ls fe i i a t h i s a t t i iy weras .aot tt©t % a :^ e laai i iy 
fs istesi setateoiit#@ o f piarlneg ©f Matiii!3Jt.» I f %fm 
ts-Misfer reastSons, •th® piS"ise- r-«:?ii«i3r«ii0ii,t C0ul4 have 
€ir®B wfeeO' s«.p.pl€seat«d fey .glfciii© sBfl lA'boS'e fMXed 
to s«fp«i^t t i :» g^iswtlit ©f tfe© rii4t«it«« Anpertat® 
tsA.es par t ta t»cj step?s i j i . tfc# pM'lii® M^eyatt iet i l^ 
«as so't ^£r_®e, f'-si* laspsj^tata was mlmm t&^& tfa,© fae^ 
ffest sspartat-e «si't4i«ir iil.©»® Q-f i a «oia%lmatt«ss wltfe 
©iotaji. eoa l i aot %m sufeatltittQi. f o r imrtnea* l a 
t l i« p«jriii« rSjiij forsati^s.., M © t i a i s te0i^ to p l ^ 
t&e par t a f a. ©;>-fi*etor f-resisEafely %f aff 'eigtlail 
57 
aafei'tat® ttyntiiesl© iVrtmAmtm. m^ Momt> I f ^ i * . 
sai otli®i* ps'eour-eors i i s i not support tha gi^wth o f 
t l ie ffiRitaat«« f i le w i ld ©t ra in laS ur«w o p t i ^ g l i y 
t a iii3«u.ppleia@fit'e<l e ia»le i t i i i e ra l salt® ii©3iM® imder 
tJie ©saAit-loas to wbid i tiMi- mi'Ssate f a i l e d t o giK?w* 
I t would fee a^psi '^i t fro® t l ^ ©.teire t i m t t&e 
iitttstfit used ¥^«, f^w J i ^ la l f iS &TQ- @«ui$iii© a i i ^ i t i ^ i i i© 
o f tli@ ornimisfs. ffe#s« stffatsa iMW# es>!iel@taiit.I-f 
e j6 l i lM. t^ t.b@ gx-ewtli r e t w i r ^ e m t s f e r piiriaS' i a sp i t e 
o f 0¥@r seventy f l ^© f o r t s l ^ i t l i r t i ' ^ ^ f f t ^K i a 
l!i. pmrlsi© B^ttl-ieiSi®« t M s ©omfonai gfy^^^se eaisi^i mat 
mavpQx^t tfee growth &t thm- mitastR walas® iuttorps^^-* 
%&d Wi l l i " tr lgeer*" an-swite ©f oM-miimm* S t i f t l a r 
©fesere'iitlciiKs em t l » f M l i i r « &t i t e s ®«t f i fe i l i te ' to 
sustalB t-Ji0 .grcnttti Q£ •& pmriJi® s^q i i i r lag mt^miM o f 
Ji i f i .^teSli l iMIL.MI15;S ClC©#^ «s ^ t . ^ » 1955) hmv^ hmmi 
reporte«l.. fli® f s i l a i f ^ to fiwpport gft>«Ftli % s l l 
th© ft*eeitrsttsr® woitli. ©tiggest t im t ttm matfttlaa @f' 
tli© st^aAiis I.© pj-€sy®atoiy ®t a et«p e«me©t#i- wl*feti 
the ei-siisatiQm :stsp« 
a«!ei©ie a©i4l purises ®n4 4ta,¥'« to M.«© p.^@fesaei far.i^®B 
si*ppll©4 i s tiie a«lii ia ior %tM eyntimwim Qi tetfe 
fim rnktmits lisv@s iiowcs^erj th© a M l i t y t©- ae i i a t® 
tti® ijate-f^soa^ersie-ii of %hm gurlfi® Ms@® #itt©e tfo® 
growtli i"®qwlr^ieR% i s wmt % imj c®@ of tiais 
f©ii©«lJig f^isr Ms©© - a£f,eaia€, .gMsila®t .E^tlsise 
o r fij-p^sKBtliiii®* l a t i l l s refspeet, tk® aimsti^plas 
reflMiflae mtiteat of S« ®@U. s t u i l e i ea»lt@'r Im t M s 
1>j Brook aed lle^^^salk (1954). the i^tmj-mswvm-rBltm.^ 
orgaal^ ie s-ncl tfa® repor t s oa t t e ©s^pl.©*© speeti^?^ 
af pi^ii,® int«relk4aag@® ^m% hmmt idcim^mteft fey 
Br«s!^ a aiii l o l l C1955)» 
&o«Sf*di®g to t l ie i r r«spoiss# t a tli# sx^gj^oiisiy 
of cjlss© I w i l l gmvi WIMIS ©upipilM ^ '®i Isyfa-i^itlilstet 
©mi. grow us ©itfeoi* xaafijiji© or giiaaia^i i^^t^Rt® ©f 
QjEii thssa 0f ©las® I f im^n rni atisQliit© 3r«4pii.^^imt 
@f: a4eiilfi©# fbe <ixi©t«R€# of a, elas& s.f -siitaiit-s 
pttri^© bi^i© pi^'res t lmt tliesi; MimtBrtm a r« ^palsl® 
i t if©yla, thormSorBt appear tiaat ¥ j« , ?^« laii. IsfSf 
fe@l0ftg t© eias© I of smtatit®* 
tr®«t®ii.fel# a mmmx^ii for otimy sM.tMi:ts of 
&lii,'CiM®ttoii #.f tto® pattemy® 0f int^resavei'slc®^ ©f the 
C§otB, 19901 195? I ieviJi- as«. M%|a@aiilfe^  19611 
I»o'»-e aa i Got®, 1955). f^^ /xg /^ . of m#€8t£ii,& ®©:r© 
foimd to fee optriffial f^r gro^tti in tfee uSae^al la^^dia 
SI34 the -^:tf3W%ti rtat® a^@ stei_©tly l laeM' tiijta t M s 
eos©€ai.tr»tioEu IiM5r@aa# of pmrlae &©^oei t&!.,s oo®-
s t l i s l e t t o a . f&e «®# of tJi©s«s f^t-asts S® f t e 
f r a s t i l ls proforti.os ©f ^ s w t ^ ta €^gsB®itPly 
©lAfpiicM piir lae. 
Hi© gFoiftli csn-v®® ef tlMs matisnts ill a l^a i^ja© 
©iippi#S:®it^ eiaiaml a.fti.itas sisowei a 1^ ^ a s e of 
JprP 
m 
a.fte.r 6 - t liowi»s ©It i ier €«« ^ €i4i«m®.tl©a mt p«tffia© 
©2r gla©ci#®, fli® seas geserst iai i t iB# e^ ip t t tM f^©m 
tto® gy©wtli i n U M lug ptiase «®® aiomt 6S«4^ slmitm? 
©f tM© l a g piies-e i a tijes# gml im i iss i ^ etaSies im® 
«@©fiil. i s tiift iiali8et»<^it- atMiie® OB laisfae iRisotS©!! 
aa- w « i i sa ©ttM,!" of feteejistiissle @f peif^.isi' sosmt i -
I^^r ®iaee i t s i s o l a t l i m an i 3©ii9iia%rati#n 
mt i a l i iM t®^^ pmsp-ertftes, 8«-a«s^piaiiiiia imi^ ^ t l s t ^ 
««ri«@ of i iy i i t i i# t le :pwrisi« ais^<isaes C^^^tel,, tfSQi 
agssarlB® (0-€isE«iae#tf,l-»&"'se'j'ia©| and €«i:ias©-"f« 
@lt®®i tii#a to aet ffli.tag©:ial@tieallf 'to g l s t ^ l i K B i n 
aev®!*®! .eiigpiRtie r®a<itti>iis # f %hm l a t t e r ^e^-^vm^, 
fli#s© firaga . l i tMb l t pyj'ls© s ja thes is % e^mfeiBii^' 
i l l y 
til® e©i3;v©yiii©a ©f foxi^lnljMiiaMtl.e i*il®tMa to 
I'lS'?). Case® ill wMo^ aEHsieisliie IM^M-t 0.\^mT^m 
•cosip®titi^€i^ liiolMe ti;e fafimtiiiii of ^®^fc@3Plfe#^i« 
19561 Iis0tei5«i!i SXA9 ^35tto| llS3rl»«i mi& Bi:£disffl^ s,.,-
tff9fes|s %&© s^lmatiam of :xafitlio#iSiie-»5'-»i>^s-jjfcafig to 
e 
!Kl#leaMd# t<s( JIA3 C?:^ ®i®s S^M^  I&MI^r, IfSi'l . 
®^ id«m©© far thm ammm^lBAtm^ #f s«t®telt.t# i a« t©-
i s reversed ta. ®@iv mmmmm fej psarLites Cilaiigsi©" eaii 
vm^im^t I f i t J* B@v©reai ®-f sa&iMti^a 1 -^ a^ fc*-
gttiiiM^ of f#,^^jmim_ sa .^dt t ten ®f farlaea tee-
32 
h-&mn w^&rtmA by J'nwei' and Ki4d@r (1960). ^ i ^pma ise 
P©|J1^©©S iiptm 4ii P&T cent o f tim i p ^s i iM is. KM # f 
«aii a&t t&f^ , 195?). I M l t i o s of 8-a®iigwMsi®€ t© 
ram*l.ts i® i a M M t i o s m.i gmmtb ^tmw a l a g pm'iml 
of s tout ; ^ iiliifti.te:« CHMi^aio im4 Wa©fe^^ai, f962|.. 
I t te . i i f f i® : i i i t t o i#e l4« a«; ts^ wliietii#F t& t gi^wtfe. 
l ime ^aa eM&ls-ei €m plottM^ gsiiwtl* iR pf^s-^iis© 
fi^ fa.a'tesS, te* teiime^ l ia=^i i ' ^gi««^4 i a B,* mii^^. (Wm%Mlt 
195?) sad in B.^_sittetili® CSi^^^^^Q^it 195f K 
fey is©talioli® teimsi'^ff i s Hi© pje-cs i^Q® #f pws^t^© e«Mpoy^0,, 
^®lai*l;f" to^eaMfit® a la rge pa r t i sa &i ^& . ise&f^^^mt^ 
C IfSSmi I958te) fim t i i a t a«a^@||tt®iito» mtlm&lmt&B MM 
hJ 
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z-m^AiSBB gMarsi'iiir only i n ttie .ex,©#ss KlfA f a i m ^ * 
i i^sdel C195S) f'iad,© tl-iat aa;aiMai3_is® i n i i i M t e sjrowtli 
« ^ ; t # t i i l pr-oteis sj j i t isesis .«f|iftaiif. Slae fofmsMsa 
ef .iH'A aa i e e i l wa l l loatf tr ial I s mot s f fca t®* 
imr lag Vom es r l y stages of tM.e t s M M t l M i tet 
ai l l» t&es Slf^,, iiSA, pretMa. mm.4. miX ©a l l ©^Btbesie 
m&A piirlis® iifisX^gaeSt pax ' t i« i i i«r ly S-sa^p*,@iite©» 
ifies3pp©i'm*«d isto- fiJIA CK.aai# mwA f#tSs t ^ l ) . . A l l 
tise- s@ti©is o f asa^ssi i i ie £# #lffiil,sir tQ^ tMm% e f '^d.at^ 
^^l i©i i l©6l« llfsil;®!?' til© ©3ii^iti€4s# &f tslatMtieis. I f 
flie- ®t-^ eli«s-jlasi mt aet lea ©f #t l j«r et«s©t«u«l 
1 9 ^ 1 ^®fl«il-p 1999). Aaaiig tUnma mM-mla tew® fee^a 
64 
Cia,i*e . ^ . . ^ s 1958#« l«-4©a«.iig«^ l^s© CQ®fft«a M-M» 
tli.6e«: eim:patiBds laliifeit the el®«imf|@ of ai€l^iss^«i»le 
©f tfe€e# €«i|io«fi4© ^wm i^ifel-t til® ©l.-@®¥^ 'e «f 5-
t# iMtest® tliat ^ € ser-BiSfti© ©sspa^a- Interfere® 
mA emmymsiMm memh^i^B as« si^saall^ pwBwmA im call© 
mmtatas m^ .®(i©sifi© att^ @ai«^ t© be Sagor t^ i t i f t t k e l » 
Bss^ cS^ sg®: ® i ^ C 1§5?, t f f 0 | fi»tf-. t k « t til® aeqa t ^ i t i ^ a 
afeilitf 0f tlw ©ells tG-efsfw#jrt tim&m tn^ Wm etwr@©* 
k t5 
hmim. fma-tte*!* e lua i im tm i s c e l l f re# ©xtira^t 
CBs^eteisi %% ^ * 1961)* fhe . is i i tat i^ i to r^sistamse 
0 f g^jiwlfe mA '^m AaMtottlea waa reir^^aM fey I0yag 
o f ®is«#is®itt# te pre©K%©« ©f IO/_<g # f ad^Mtie isi&£Mt©i 
? j l ^ s i ?^ j oJily % 25-28 per '©«it.. Elie S s M M t i a i i 
reiip«©t to t l » -etm^itioais o f giwwtti* IJS, .B t s t l #sa^ 
500/xg ©f ll-'®s®f«asiims, wb#i»®«s. ^&sa t i te onJ^ttir© was 
s!i^-«a to preeea^© o f tit® i j i k i l i i t s r eiw t i i r f e l41% 
0 0 
St t botirij o f ^jffliGftJi- l u ii» Am |aiE©ra«,tlfig t© 
iB til© 3.96 1^8,®® o f g.yssswth -•mm-^mw^ «S-tli r®sf ©et- t@ 
¥«« .^rt^ "^ 41» *-**®' lP*^®*fe mxm^m s m ^^i^®®* I d f m M ^ ^ l f 
ftsisf-limiJig til® ofes@jrvati®a #s tfe$ l a i ^ -#£ g i^w-^ 
i sM to i t l oa ^^ t l i l « eis^^gae %&. m%&ykmms^ mii,tmi''©0« 
With, ^'esf eat to Iii,1€f altfeugfe t&8 ©a*eiit ©f t i M W i l o i i 
'fef ft-a^-a^asistoe C,5^/^g) was i i0t ©i apjrs^iSiM® wm 'Sa 
InS- t tli® grust l i was T%ms%%wm&. %M t&© e^M'lf @t^®©» 
©isiF^a tisars gtsee ttisi ^mm%n. vm%m »li(^ w«4i a tenS^iffiff 
t a fee fes-tsr dtirtug tisle p©r lM t ^ s I s tli@ er i y l l ^ i ' 
flas©,. f i l e @¥i4®ise@ ©btsiaei, f ie i^ i : favmir t^-e-
.^rpotfe«si® t i m t i n t l ^ s l i d a t r a i a «a i t o ita e s t ^ j t 
I n Iii1S,t, 0-.Rga®»ai4»s g«.*a- 'iaeoKiiftfflata^ to*© ISfA -i&s 
es i f , « -lo t M a aimlLegsi® ©asli. "te presamafelj' t ^« to 
%%. g®t e i i i i l a j r i j l i i@«it^oratei* f^festfeai' t l i t s ^ i f f ^^ ' -
67 
In e&ntrmMt t-Q ttie aetioti of 0»as^pMsslB«s^t ^ %im 
i t t iSiet. i^gtef© tli# _IP^ 0WI1M» two l i s ^ i ^ i / O - ^ ^ af 
tit®' i-«Mfelter bi^iiffct ^feat mmmtly 9CI f«r #e^ mt lii» 
^ ^ ^ 4 e t ® .^®ir®ru^ wmn s o t i'«@oii'€€t «lt& t^esB jgatsst-a* 
68 
pu^-iiais (isogiimiiisei proved t s %€ %hm a»®t potest» 
afeea% mai"® tkmsi 60 ©@r ©«at ,iiiiiiMtl©ii- #f g:^wtfc ®f 
of '%lie ©train l a pr^m^mim of tfoe isfeiteitftF w^s^ 
ani. a l inentr i?at@ o f sffitlsaai© o f ps*at©S8S®: ^ i t ® I s -
tlMi itaiiM'tex' i@ aii@i. to aeti's'siiy gi^wlag c#IIa» 
tulilfettitis teeglas almost ia^si la teXy Cibtt4M«s^#. 1998) I 
witfe ®-sisspiria«a tlicit^ ®sg ^ - a AeX&j fe©-&r# g;rcjwth. 
f%« l.©agtli af %te fi^l^ c a r l e s iritfe. esse«Rtif&tl<m «f 
isMM'feds' i«e«i ®ai M e t « M s l il-®aftity a t wM-efe i r t^M-tor 
i s &MM. bMt l e i ieua l i j ateoat 1-2 ||^ii®rati#B©#, f t e 
lag in «i«reiota#at ©f .gr^ t i i i J iMMttsa epsM 1^ -Iiita^-
pr©t#i a s tim time a#e©.ssai*y for tli© ae^isiil.ati©«i of 
stiffl0i®B.t iim£tmm%lw@ aiacloie stsM to effe^* *fee 
growtb #t.ii<i.i@® .wltte .fflatl-K^t&bolltas eau tee mmm4. to 
89 
1<l^|# lit. s alspl® ©ae©, i f thm^ i?ati# ©f ©^•iMi-^ites.'lloii 
of miwma3. mthBtrm%e to ooae^iSi^tl.o^< of .isi^ ,,afM© £&r & 
gi^&m 4m^^& Q£ inbifeltlQa i© eo»©tsB% i t 1® t i i fe i^M 
m&T^s3. 0Cis^tiiB4 fer s i t e s ti& tMe «^ayiie tutSag the 
the a^flei ©csp-s^ iaai i.® s s t a l 9 l i g # i al.«iB^ tbm m&sm patis, 
I t tm'i&M, mp%*mx t imt gsmwiai, e t M i c s II1S-B# .eaj fet- l is-
«f t d ^ i t f re® a l l ^ # 4 a t s f#r I j u ^ S ^ ^ i lafeifeitl.om 
@itli#r I n i t i a l wmtmB ©j? of s^a^mt s f gt^i^tb a t ei^; 
p.ajrti«iiiar t t s e after ' MAlttom ©f im&iMta^f -^i^U- 1J# 
?li,@ ©osp0.imd t#©t#d- te^l^^ .ssieif t& tim. ®rotxp 
79 
1),f-|i# ®*t-Mite ^ f i l ^ ye t to tb® pir^s^it- &ts% 
7/ 
il 
3} f teiifili mil %fee %b.r€?!a is i tsets lasS^g t s etas® 
tliMisiel.^^s otitis rmw§m&% t© f i ' a^ t l i s&t& ®%S ns^^ f f l * - ^ 
m to® ime t s timtw immr^^&M-^m iaf« iiii@l.<ti.0' steM 
o f tls0:se !aimi#p^.^ i^ -il3>® msts^ stete^i ear sftsttsKiar^ 
o f til® &mklm I t w-oaM %# s^i^&mlle t©: tjsir@siti^,t© 
9) f lat ®iitas.tfl ©tmi te i i^ -^# tet^ ©f I IB# B©t # i i l f 

72 
p s r t t s i l f fey s«tfiogsili®ti«ii, 5»imiim»teltasiiI©-4« 
m4iiJ.-dai (St#tt€3i sn* P#ic-e I f4f . | MMwm ^ $ ^ » . I f 4 f ) * 
f M s efe»«Ffis*i9S tmm pl^'@& mm l®p>yt ia t »4.« is, 
•^ ^®® & . . , ^ I A *® al-3lQw#d i » g^f® I I I pi^ ea^ fscs®. e f « i ^ 
^ f t i i t ^ l&it&lm ©:f p^iriB« ( t s t © , 1 9 ^ ) * M © t t 
el" 1# ©alt «•# ,tis^ite.itei to m. pimepM&tm felfe^ei. 
p i 's^ f - t l^ s tof i f f^ %' t&® H i - i t t i ^ i o f trae#.s mt p t i r S ^ 
o 
o 11 
II C 
CH I yf-» 
H , N -
n 
s ta r t a Wi l l i tli© ©s»iia*m:^tism ^ f ^^®pli@idte^3. 
ami .related m@tatell;t®# rmtf i t s ^ # r « ^ i ^ ^ pBFiift® 
194t|» I t las- fe@^ r s e a ^ i i i ^ t *mt ^ 1 « type &f 
8^^^-t^ifIts o f y«. ,,_Q%yif,g^ w«Jr0 4-@#^^ S,%si ^ ; -^e f f«w 
74 
w«s*« siso aai« t s iaslat® th i s esapoiisl fism ^il-ter© 
fhm strmt&m &£ ¥• ^i^§l.^^© e^®! ®@e® f«»* f ««* 
tes t ing te@h time i s @*#f f^ " ©iPt w^ii^s; «tel.#«H® 
OS© si, ©f ##11 iiiSf i^®S.#® pg^m^M'^ mm ^^@ msm 
75 
6Mi l@i . is tee tetli asd ®p«m. &t ^X^ m g f o r 1# 
fat" <©«t4®ati@a ©f tb® aatiisis %- tte# apSif f#i- Siaitfe»» 
l ^ p s t e l l t ea t (St^ ia i f t soJ. B-evi^j: 1ff#|-* 
SJaHMS 
7^  
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eae^in© aeiA^ (Mfeot t>etrait-t l i c M ^ ^ i , ll»,S'.A») 
OS- a ©Is'la.J^ ©f til© alj#v© IS aaiiM> . a e i ^ ( S O O / ^ ^ ^ ) , 
Froffi -^m i » t a presertted 'In faM© 1, i t rna^M tai; «ei^i 
timt #i{il^ ^®ry asmll aaij^st s f tli® ii@«©tisiatol*# 
fetia r^ s^ "^  
iHmtiai*© of 1® aisiji© a©Ms 13 ffi ^^ 
Olttftaae^Mnsrsl s s l t s 3«§ 5«S 5*:-ia 
mn.vain«Sit9i •MS»nwKi t-Mgw* ei-flBift 
11 
77 
buf fe r CpM S.,@>. I t m&m mlso ©fes^ivei, t i m t a^pple*' 
r->ii*r<«i'p'ni-i >w*ii iniii<i^TnffTin-iM^T5<miiw^iii-nBr.>iHim!iif>iiiji«iiTi 
Fteep&git© 
f @i«ia l«»a01 
S2 
5.0 
?*& 
I f 
^ .0 
5.11 
40 
3.0 
5.0 
f r i s • 4i®odiii® l^trane®. 3«0 S*d 5«& 
srsfei^©9®, xjlas©:,, rffe»iB, gl.f©iii'©i,t. laotsst®'* ®?i<5eiaat@. 
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easaeiiii© aeitla*»pl5^&pl3tate feaffer ©©Aits®. ffe# :r#®»lts 
lt@mllj©©© 
S i i© i^se 
l^amo®© 
W^tmmm 
lrf»StO@@ 
&al^s^%#s® 
Arafetiaise 
l y l oa® 
ill.fe9'»t 
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S i M e i i i a t © 
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i 6 
11 
n 
m. mtxtwtm ©f 18 ee i i ^ - -^siArn @m mitMm^^ ®»«ar©#m £®w 
sttppsrt lag til® fttuaatiiaii ©f %fes ^ y l i ^ a ® fey i?«®tti^' 
xm%i©»0 ©f tlx#®e %WQ eoi ist i t t t^Bts were «2i»feisi; © B 4 , 
? : i ^ . tlTse r®@Mitii p i « « ^ t M i s f i g s * f ^iSr St i t : ig^iiM 
i B 0«S5 pss" ©«iit «d4S.s^ ^il-ig^M® fs*^ r® mmSm s a l in*" 
j^» i iBt # f ^rflimt&m issroiueM. wan ©eftiiaa^tei ®f*§®r 3 
f t g . . 3» I t i a e¥id®iit t i n t fe@^©Bi, a pariLst i l i ty 
^ii i#@itratiom. o f &€kl tmMm$ mmm- ©©B^titessts ©f 
a f t e r m^ I n i t i a l rime i s ra t# Qf eser^tlsai. o f t ^ 
Pig. 1 B-ffeet &£ glMQQmm saii©©ati'ati0i^©a 
CD iRisa (2) Vy^ C5) I'^j 
f ig . 2 Bff®et of "ea8@M.iiQ aeii® eaus-^tf®-
CI) iJ i lUt C2) f^ ^^ C3) f ^5 
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Fig. 3 Effect o:f ee l l mas© oa Stfylsialae 
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80 
f o r ©a0tii@r 4 'limii'S f - ^ r t o i * *^& .r©«j3lt.» « ^ ' 
,pi*®a®ata4l i a f i g * 4 -rfiieii r i w # ^ t&®:t a4 i l t i # i s o£ 
8 d ^ l a € p.i^^iftl.y aiT©.sf# f a r t t e r e^«^®.tl,iia # f t ^ ^ 
InmAatias, syatsms wes^ eat i»f fft-tfe «mi.. '®itlso«t tfee 
f fpicsal r«aMl%s are niv-es i u ffatele 4« tli@ em©r#ti#a 
0.f -tii^' ^ l i i « ^ms fowtd to 1® &@ii«itive to sofi i i® 
f i g . 4 Bate of mwylemlnB em.Gwatt'&n ani 
effect ©f ai^ iB^ ijQ:®.. 
alette® isil .eatM % e^ r©w* 
(4) f^ ^ afteff atSitios, ©f ateiain^ 
al'^tiss© iMil©atei toy m^wQw* 
ri6.+ 
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MfiitJ^S 1 » ^ / / ^ ^ i^^^te&-B:fi^lfeMI 
2 ^ 
f t 
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totot&iiig tba #:i©titles of arylsiia,^., i t ssfi® 0f 
i«i^#r@@t to ®^®iiiii©, P e t t i e r stx^^tO:^'©!^ oeised @i^ 
©f a^lejiifis Bii.el'»otl4e8» In ri^#i^*«8. € :^€f la i i i t s i t 
4#te#tstele i^eltaes #f aiKsleotiie®* lii list® f^sp-eet 
tbe ^ & r l o ©trains tt«tti; l a ttas fresfls* s t a iy sppai'isrrM.l' 
d i f f e r Ci'im E«..<$gl>i« -file ishlMtfj^y #f£eet of 
fm'li'feioMfss OS til.©- s e M t o l i e gro©»as#® iS¥slsrM te 
I f f e e t of illf@r@at e9a©-€ia-tjraM©iM cif # i l ^ f e « -
494>'-g/alt i«^8 R©t «ffa©t t M ®»er©ti.?H- ©t tfe© ©atse 
272 Ae/^ iili|'Sf^str®ftt>sf0i»... f ispM^.% .feaSiHgs 
8-3 
m, 
!^| 
"^•Sloi 
p«. (» • pi» {»». gw. '.IsJS JjB,., 
0i m ^ m m m ©f 
o o o o © o o 
m m m m & m- m 
•^ 'W ^ "Vt ^ *^ ^ 
hi. m <m *« P^ e* 
^ %© ^ « • # • «» 
o © c» o # © o 
• ^ © f » "*S* "<* f i t |?% 
-^ "^ m '0% ¥% -0%: m, 
<# <© I© e% -#• «© 
^Pi p k » ^ -tP% f%- Si^ 
m •*!$• m 
• « # 
«!«• fg ge% 
1^ e«- *©' 
^ m 0% 
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^ s i»^rtfat€«i is, S l t t j f©a ©f c^j^ iSi is a#iia«^tt#«is@-' 
fa© ((^ Mss^ois^ ss© sa l l«s t« i . Isf f i l t ^ a * ! ^ ^ * !&.« f i l t r a t © 
i l i 4 mut ^mmm thm Bi®t%8»^IS2^ial l ' test* fSi® ^ l i s© 
i t © wef.^bt @.f ft-tl5®a9Jl*#^sm» «i[®iiiit^««it#«' CSS'SsS}.*. 
f i l e ©l,iaat© w$m- tmw&mk^mt^- *©• m ajta^i? m&^kmtmmg 
mtMm- ^mmm m^, i iepsrs«d. tm 10 @1 im t ^ r ^ i t ,pa##M 
©«i % ^ ® s S ^ S0 ^ ®f 0«O1 1 Se l S l g : ^ ^ i ^ , e nc^l^m. 
f . ^ © t i i ^ nlMi^Kg ^ ^ t o M al iss j^ t I«B i n S ^ »/x ,f^,@a^ 
^ ^ i ^ M f©!- f l « t t i i i g : a l i g h t mmmQ^w^ttQU cmwrn^ fbe®« 
i © l @ ^ t r i l y ^ p M l i s M t i i s s ^ I f s i t a 2 n i , water*. appl.l,€>«. 
^^  85 
witfa wst«r ami Q«1 M siEaoala is . ttm mmmbmw* f&e 
@QSipo«a«l t imier t e s t reaoi.v«4 i n t o ft i a j o r ©pat tm&T, 
afid a dark spot e©,rx"e«posdiag t o AIGA wlsaa d-bse.i^«i 
ill kg vmlum to iklCA 41d so t r«-©i>€»a# to %im Bra%%oa« 
la r s f ia l l t e e t «ii t'ne pai»r vtmxemm MGA gmwm m ^imk 
F©siseB,t fo l lo«@4 by 5 w^ certt e a i i i i s eai'feotiafet®. ©a,. 
t i ie .paper CAs.es- isid. ISitel i®!,!, 19SS) a ,iiMiife®.r e f 
eo»p#iiiid. t iE ia r t e s t , f&a, so iou ra s^f #ies® %ssi© 
teoJ =GciFre»i»G!ii4.liig 1,0 AICA ale© s f p ^ ^ ^ i * A cteois^te- ' 
ea i ia i t iamg »sfl u&m. f o r ettttJ,ii,g ^ - a t a ress c-orrssfoni - -
tog to J.10A an.A © l u t i t i g tim m&t@£iM% £tm t d«B . t i . f i e ^ -
t i e a by u l t - r a v i o l e t s p e e t r s , t l ^ marwBB # f <A.isli a«« 
a l8# iimlmAa^i l a Fig. . 5« 
f IIS ©QiiceBtimte o f t ^ ^ ©ijQ^CQaS. elicit.®, o f tfete 
I j 6 r « i B 9 l WMB a l so pos i t i i r® . A l l tbAm •8®«a# i n - i i e a t a 
d laso t i«a .Me r i l » e M ® ©f as i ^ ia® ^^ Is tcs i t o iifCA... 
ai^lasiti© exaretai fey p i r i ue - • 
1) MCI 
'2) Hi ia te ml ^lia© tm^m Bdiiex-I-Ol 
[4} liM-ate of sp©t imum ^^m&mmt^0^p^ 
(5) Slimt© 9f AIOA ispjt :fc«i . 
230 250 270 
WAVE LENGTH 
290 300 
J^tyU. 
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mmmimm 
otfeeir mM mm isa?wst mi asf .©f tJia^ foil©wl,iilf fis^'tnes — 
mitaat® ^sfi®f•»§ waif© feiMii. fei. msmemtm €i&Bmtt.tm%%% 
^ f e ^ s a ^ g t m ^ f a^femred te fee f # l K t e i -^^ tfe« AICMl 
w«t^: e t re i jg l f 03F«i®ol.. .f^ieti-r® ftijai A l s b i t 'Wai i . %o 
mm a, x'ilteigS,i®* 
a.r@ smb»Mi?i4#fl tat© ss^**-©! giwafe a®i^-t^iJHig t® tim 
f lu id® •• f&@r^ ar« S-^i4Mii«liaw:l.'^*4>w©sr'te®3i:@8^i© 
eontMala^ a ciim^-QtlsaM© ^ i n a COots t^ f9S©| fia^^® 
87 
m^. c o t e , 1f55i Clot^, 1S51| hmvim aai.. ^ g i s s - ^ i k , 
1961-1. 
®t@ps« tfe® orgTiiii.^a i o m>% appear t© a s s e s s t&© 
ISP pjr©^4rssrs lm%-& ttm ^rrm^an&i^ 'mmhrntMrnm* 
toy 0t&er '^ii*k€^# for f«r-iM« awxatra^ss #,f j#a®t 
(ClamberlalB .©t_,.iii« 1954), , l « s , j ^ ^ ^ CBarfeidg® 6S# 
(}il«s., t9*itl a a t l2.^Jgli ih&wm 0»i. ©at©', t ff5)« 
tlaitraffefmal e8,asidumbly lateiteiteA ^1© pirae@»a» 
fr^m t i l l s ^1 «a©y^ r®<tslidiig w^smttem i s iii^M#i-
g-sai®"ta. f kei^« was no girj^tfe of tto« ©-rgssiam® dMFl^ 
88 
as tilt eiil.^ t«£'«@ w«]p@ Mm% »affl.i«^, mms^gm&mmlg mtth 
f yy ^6d f .a* '*li© *«q.iii.r#a^te of a.i®ialji-e mtmuM 
fefiife tesa pf^m^abl^ se t fey tli« eas^ia^ lif^j^lf^ato 
pr0vl.^#i. in the msdiua.* 
d«#e-iv© .e©s»' eoi^^it©-.- Asflsi and Sa^,«e -Clt60| I'mwm 
s&mm ttiat ©ti^pt^^iiifl ea»:i»©« Mi® ©sureties ®f pi^ ffme-
mtels^tli-as tut© f te giiit^jr® iE®iii»-, of E» @isit« 
%nUiM,% t M ©:i@r©tSaa of srflaato© ^- BM&TW.M§ m f ee t -
lia<ik msntsmt* f&at tfeis tji© #f jrsa^tisa !»© j ^ t 
ti@a r@®0® ©f i-^O/^g/M. 4a en a»t ©aass- w&lm^&B of 
S50 %a s%®0rMjic gia't»riel« fa tli# vt%w$s m^mdmm umeM 
i a the fr^&eat stKiif tasief a i^«l©% ©f rfflstin^. mM 
l.©iig: ip :^Krtli ©oBiitisss mtO. yet s%»#||t©fflfe4B ©l^^^t 
©sptr is^at^ e^tiditismst etfd^tci^^tii liat p© -^me-^MWi,.® 
8"? 
89 
thm pa tents . f M o %f«i @f i s M M t i « i s I f «ibX.@ «^ES f^eeiii-» 
©ess- @t®f @f f i©t# im sfU'llieais 4mFli^ tls©: <^e«wtS.@ii 
f o r Mm S|ti.tti#si« o f tM- ajfi?!,®®.*®® e-yiginate 1 ^ ' t ^^ i^ -
oir«» fSAtfoier t t e s fey , ^ „ . ^ ^ # ©fiitise@l©« Slaem s t r e p -
%mm$'&%M m^ QMl&rBm^0MM-®&X IMW© fee^i ® l i s^ «srMei-
fey fel#e^Siig thm ia i j je t l cm # f th® m^^nm ©ascs^mesl i n 
tA®i3? M.o@pi:tii.®iii«« 
im^m hmmsL £^m^ t© e^ imt© a »cifi*^^«.%l0taM© i n f 1,*. 
isslae l a tii© s^^t i i ig pfeaet; i s a ©e4t«i -c#s^®M # f 
tM.® ^ t e # h&vm m&mi. 8 t y i l «€ ^ s i < ^ i®ftl<»t® |© iss i .M l t t f 
sfittti®si® o f ^S.im hy twins-^^f• f&^ ®m4s@ w ^ i«®« 
ftte^irptioii l a turn u l t r e f i o l t i t ireiige^, e&BamsteriJSti^ 
99 
Mdit ioj i of i r aees of adcalis© inM-Misi. tb® 
CiiA?f«_JI 
t^iim'iilt*"«rm-li ii[ Hill .i-iraii n i. t'H•'••rrm*m.'m^^m^^^^^!^m<lft: iTfirim - - ' ^ ' ' ' ' " ^ ^ " ' ' ^ • ' • ' ' - ' T V ' ' - • i— -^ Tipf ^ f • .••! rr i -i •• | i i 
0\ 
g*tf'y^...,,.,ii 
eteng^e tsi a l l %i@ #©lI-@ yat&er tliMi, s gtmMiis ©^aig© 
Is, p a r t ©f tfei p9fiil.ati#i^ &f a toa©t©ritai aii^:* ©-tuCf 
s a t %tm^$ tmt tlta |ir#4it#tl®m ®f @e:rt€i» tein^tilfe-
a t lomet a f ai-t of (ftiacli eiri^ y®® sol^i*!© Ims ta fee 
/6 -6&l®«toeiia@@ iB. tsefeti^toMa 0&M (&&h^t 195?I 
er# model mgm^mm® wMeli Im^© %#i^ ' l | j©i#«^lf iBva^t-
^ - 1 
92 
iai«et4.@a« i M t e i t i o a a l ^©t**^*^^®*'*^ sp@et.fi.e f®r 
M.mA &f r ^ a l s t i o s o f msmyw&.. m^timmim ^ s ® i . &m t ^ 
l iea. t^ f t t ^ ^ f a « ft»ystii$| ©j'st^ss escispet© w±.%h. <liff©3p* • 
tise- f»®^tt i fa«t@r f » r t&e i ia4iistiofi ©f imw^mm mm 
i l l pwjpi.ti® ®ttE»ti^plis o f ^ « 0i*geni.^«. 
la®t0®e (Mwmm^ fit^mlm 1f48'l aisi. ftia@# tlisif' are eiia0w@l 
witia m ®@s©tttsM'if# ^ € © « © « l l ^ f i r p#ui-6i3J.iai^.@ 
C Xyai* e t a l» I f f 4 )» m-^^s ^^ *fee *^s @lii»®i<3s3. iM4»miMlm 
b 
' 0 
A 3 
mmMai&m msi mm\mm 
For iiMl«©iloii, ©xp-^i'iatm'ls t i i * «@i.l# ^^ r# gtmm 
s a f f l ^ f K i t e t i o i i i i C©f» Clmft^ i ' I I ) . • hM%mm IS fesia^ 
f©rr«S %Q twmmh ©®4l.i«a a M .liilott-ei to l a i i t t p l ^ ' ,fo:r 
im iim l©c fh*3.ii# wa©lie<i iid,©® w i t i i ©oM 0.85 |3®r #@tt 
s»i:li ia <s^il©flia a i i ; 'ftxmlXy ss»pei5yi.es. is . CJ*S S 
Be t r t i i t t ateliig©mt U.S.A.) ®#i:iiia sti^plemeatM mltfe 
piis-0|imt©© es^, ii©a-M#. salt® f o r ftoe i i idasttsm 0 f 
f l i « aiaf tet icsa oa 4iiT@nmt tiandaas,, glacoe^ 
wms ^©pJUieM h^ fxtietose or laaaase© i n ttoe gl i^tsae* 
siaeinii . s a l t s »e«lia^. 
f-
C«l"i f f « ^ e s t r a e t s m®re prepai-^^, toy # ^ f s e l i i | | 
wawta @r 25 fees (o%sfp*it siag. 2«.5-3*Q'|. :tii a ^ i l l a r i 
legii«-t«-.8iferi@t©r G^ae fa t^ r ( l l t t l l a r t , * toiiioti|, f ^ 
^#11 ^ ia fes :6 i« i i was. is«M i i j . %fc« t r r t u s i ^ e ^ r fl.a8te 
st igf ^ n i l o f i was ®ejit«l.f%igei a t 1S»0OO g fer I f © iwi te© 
t o f ©fe0X' fii^. l i ^ t t e i * C1955) %• •mmttmmiM^ m^m^srmtm 
f9xm@4 %• e s t i m a t i n g l i ^ ^ l i t ffcb«&r|y|laB iii^x^ease a t 
^ © ' t e e l e a t e l e col©rimet@r C6-«*«®s f i . I . t « r | « 
l i^e^^Qwri ©f .t»x©-s©B was feXlawsi, ^ 0oav«B-
t i 0 a . s l mmwrn^-tr'^ u s i a ^ 15-20' s i s t i f l e miMm msm f l a s k s , 
y s i s g a i r as g®^ « pirns® wSti ; a l ' k a l l smi f i l t e - . r © t s ^ f 
Is. e€at,re i f s l l . 
-^  s S5 
til® fcs l l^^ag sa i ia i - -
as MJi{t@F ®ats,rtai:® asS aetlaoda, mm& mh^Mm im flaalcs 
%s a &i€>tt JT^aaing: ©f 250 grseo; f i l t e r ) w8r« odd€i 
t e 100 si, &mM ®£ t^fe© ato@ve ^ ^ i i e ani, tfe® f l a sks 
sSwfesfj a t W**© ani a l i f i io t s of 10- ml ©©re wttMi-^Biia 
a t i s t e i f a l o ot 50 aismt©© i»i, «A4^- t© t e e t tii'tois® 
C1 m^mt) to 8t©p fcrtiwr ifiiti,«ti®R« f i ^ M ^ l t y ©f 
tMe ffl«©|3^@:ri©i«iis wmrm im&s tm. : c i# t t . fte® ©ell® «er# 
Q-pua doer* i a tLe c-t^ Id,, «a«lt«i.. ' teiea *«S-tli SMU-QH 
0,85 per ©est iioiiias <itil#x-i4.# &m.& t iie re^^Mi^g ©@11 
s M l a e a t were MQP&TBM 1 B 10 mX @f 0»0S p«-r ©@«t 
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t&i-r© wmm m tlelii.f ^mfore %mg were s i i l i jee t^ i to 
tj'€a.tffi®at Ijf mQiimd:^ wm-^^&m ft*© 18*000 € «i»p€«iatea 
o f %fm ii@slaat«fi ®er@ iiaecl im M « t l i a s © mmss^* 
f i le ref t i i l fs of growtti ait€ easij®© aat ivSty 
iMi l f^ f i f i iBe t ioa mrm ip«fr€«seist<st i a fl®e« 1-8. I t 
f i l e @ff©et s f elil<3.«isi^i€Bl@sl. on i i ^ t t®t tsa 
Qi hiBtlM&BU wmB s t M l a d l a pii-miltsi- sets ©f iuSset loa 
-esp:®ris«at©« A& s^s® i j i F i g . f t ai#i t i©B. ©f ®M©j«is* 
s t a r t e d , f i o m f t i f in i i i b i teA asiy fertlier i»€i«i^tl@ti»._ 
fii.© ei ' feet o f tti® gs^wtis fastorSf I I I ^ I R © «^-
#¥l€©mt f j»® ftg.0. W i4H# I t t im t ftlie aadt.ti-os^ of' 
sti«>:K o f histJda®^ iB l a t € 2 . ftet i n i t i a i l a g p#tf ,M 
i^,s mMMmMA h$- tk© a # i l t i p i i @f pmrltm t® tfe© ii i t i i iet-. 
alaum hut mAmmimm im& ar i inln® tagiitteei* b^siigiit ^ott% 
6 
ealt© * MstidSfi®. 
faistl4iis©* 
f5) 
C4) 
6 0 120 
TIME IN MINUTES 
e o 120 
TIME I N MINUTES 
Fig. 3 UTtmtk imrreji tmf62 
salt©* 
©•alts 4- M s t M i s e . 
13} 
C4) 
60 I20 
TIME IN MINUTES 
eo I20 
T IME IN MlHOTeS 
f i g , 5 §i^^fe Torres - f^ ^ 
Fig, S HlstMss© ^mmj - 1 ^ « 
©al ls . •#• l i i a t i i i i t © . 
(4) 
6 0 lao 
TIME IN MINUTES 
F i g . t SitJiftM QUTwem - ?^« 
t i g . B l latMss© a a s ^ - ?*^ 
©alt®* 
.salt® '• Isistidiiie* 
C5) 
C4) 
60 120 
TIME IN MINUTCS 
FlSS 
« 0 120 
T(K£ IN MIHUT&S 
CI) 
a t time i^ iea tM- fef sri^w. 
6 0 I20 
T I M E IN MINUTES 
I 8 0 
f i g * id i f fee t @f ^^isaiaf.sa tl»: twtttisfiQn 
o 
FIG 10 
L 
z 
00 
Q 0 
< 
u 
60 I20 
TIME IN M INUTES 
ISO 
f i g , I I lff@0t of. mfieiiine asid megtrnhm 
i i isttdia©,. 
FIG.II 
< O 
y o 
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a. 
O 
6 0 120 
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s a l t s ^si i i ia so ludttctioa, «f t*yptdpJiiai».s«« ©emlti "km 
aediiM wl t l»«t i;lu«'>»«8 tfe® trfftofi^sa©®^ 'sag 
r e a i i l j tia4iiciM«. f.b« e^ l l* mmi-m Imr^-emtM tx^m 
18 iioiiris gjKwtIi i a e a « ^ i ^ ae lds s«€ l t« im«fa^ 
%w%9^ imt ri4-4«« fit? iMmtti im g.«i:iii» «oii%t.|.ii4ias ««g-~ 
Malao aoias dispersed l a pimm^pimte hn£tnr .alosc with 
ti'yftsgls&me* Tim r#stiltii pr®»«stM to flg» 13 siisiw 
s f aii« Imta i a tlie wild stitsiJi m^ tw^^ bmkwm In t ^ 
mtlm^mt&ry «ffe«t ©ri tmAu^tmk l a tetli ?»^ ^ ^ . l&t&Z* 
fix© eff^©* 9#r s« of aj'«liit»« om i M a e t t e a #f %Ji*p-to-
piimtse® t a ?«« #©»!€ an t fe« ©tiMlsi, •«ltli. t ^ e a a a ^ a o 
aeMs mM%%m wMeh ^ j a t a l s s i ' tli© gf««tli fae-tera. 
IiiiMiiM^.,ft£_..-a;^iimMg..«igtia:MI.imia« ^ i a g » ^ t 
fte© tiAr«« s t :^ i r i s w«i"e gs©^^ ©a nixmr^ s a l t s 
^silii® ©a.iitalnitig gitt0os®s fTumtimm &w ^msmmm mm tbm 
am^hsm. mmm-mim» Slgfetcua im%m ^9wW. of e©21a w«ro 
iimrv@gt«i|^ wftnltei f ree t:ixm mf^Xim m^ elMwitf t© 
I t s a s fenai tJmt t a aU, th* Btmiaa wfera. tb.e ©e^ fecia 
soure« III t'li« senilis wse giuoi»s« or finite©®-, *•*» 
exygea iipt@k# oil ia&niicis« was coaa l iembly i e«s t i»a 
f i g . 13 fiyptopi3anas© &®®a.y. 
Ct) ln%m (2) ¥ ^ C5) laS^ 
(5) l E l € t ( se t l i a i -»M@Eiae)« 
eo n o ISO 240 
TIME IN MINUTES .^ 

FIG.14 
6 0 I 2 0 
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I BO 2 4 0 
FIG IS 
6 0 I20 
TIME IN MINUTES 
1 « MiPBios® 
60 120 
T IME IN MINUTES 
l80 24-0 
f i g . 17 Siwjos® ^Q^m se l la 
t i g . IS f3ra<itose gi^im ©ellg. 
M e 
FiG'r 
60 120 
TIME IN MINUTES 
2 4 0 
FIG.18 
6 0 120 
TIME IN MINUTES 
180 
Pig. W i)x^w^s& tt^t^©: QU mugm^ hj 
f 8S fraetos© 
6 0 l 2 o 
IN MINUTES 
2 4 0 
f i g , 20 CflMsO'8® ^ © M i s e l l s . 
F i g , f t Pjme&©e@ grsvai «®l ls -
F16 20 
6 0 120 
T I M E IN M I N U T E S 
I So 2 4 0 
f ig . S2 ©j^ S^a mptsk.© om m^mm 
6 0 120 
T I M E IN M I N U T E S 
ISO 2 4 0 
on o'jqrgea agtalre • on msMmotmrn toy 
f 5f — ||iii©o@© p»»tffli. © e l l s . 
(2), A,.:rgiiil3se • • 
F i g . ' 24 Sffeet- ©f Mea i i i e QUI ©•s^ g^ gB ujjtak® 
(4 ) Ftemas© 
6 0 I 2 0 
T I M E IN MINUTES 
180 2 4 0 
FIG.24 
6 0 I20 
, TIME IN MINUTES 
1 8 0 
/^9 
38 
©^g©a @ii f«ii3a©a# fey s®sali@€ eells- ©f i^imi««ie»ii»isi. 
.®ell# ^^© &f thm s«®0. o r f # r #s a l l ^ « tl^«© li«M>-g©i3« 
fls© resul t® BM-m py#s-^at@^ to Figs* l^^-tt.. ffe« #£f©©t 
empQ^%&^ ©r i s 4SSffi1bi»atl'0a i s f .Yf ®^^' © f e i l e i aa 
f l i « i'-@sel.t® f r # s e a t M i s Wt-gm* t 3 rsa,it t 4 ^ a w tJmt 
Im Imff i t 'U^ rn^mm mxt^kt* l a f ^ BSmiimi^ »ir ©rginti i^' 
©asili. i n i i i r i i t t a l l y ©tiiSiilat^' Wim oxygen, Hff^te® on 
was as-M,e*€Ji wlimm iijrgtulg© pli«s ad.6iilii« w©s® p.^sMit» 
m@B a go l« t ie« e-f ©ii«®i.p» a©Ms in, pli08|5:hate d i f f e r . 
TIs® rsprepsios fey gl«isse@ wm& & sset f e» psmim^m^ 
99 
aslMa mmMB for isdaetiom of t^pioptoiia©© mmt^. 
ffcera %^8 &Lppx-mcimhlm grewtJi sf te® e e l l a ^iiri^iig 
tti© 4 liaa^ peri©4 of stit^f Q£ %-bm wlM stirala las ' " . 
pl^a&s« is^oi^eseeA mA showed a S't@#p wtm tiss^sife@»% 
As wa® t® l e @.«p«#t«i:,t tk#3Pe wem ^BT^ l i t t l e 
gr&mtl% ©f tM pMrtss a-i«s#lt«»pli® f.^ §m& Iift1§2 te tlie 
©8,0aBtati ^14® ^atims mimwB aS.«sitaei .sltko^gli t i^ptQ« 
M ^ l t l ^ a ©f ii.iei3J.3Be t© tS!# SJii43i«%toa isaiiMS siJt estly 
f&e lag periafl fi>r t3?fptisf^ia^;®© . taijae'tien l a e t t ^ 
fojp laea:^^ 3 te@Mr© «s-s s^ eiM^eei %© ^%#-ttt 2 tour® mhmi 
adenine ' ^ 0 a i i ^d ta ^eil-e ©f S a l i t ija ©asamtoo aei,d 
til© a^€slae.» ffe© r i s e Im %iypt®|j&aiia«©: a e t t ^ i t y ©f 
©ells eoMli %m 4u©. to %h% ta^^eaeet ®iiil, ©fi®® peat i i t -
lug t^^m growfeJi m ^ t i t i c a a ©f ai^ais® to t ^ © s s ^ t e o 
a0ii@- ^aei i^« Sis©e i a t M patriae aiu^ts©'^® 
100 
mhmsm growtii i i € not ooemr* tb® iBrti i#t ioa o f the • 
€a^fis# tjfid-m* stiiclf @©ai.i, &« ^xpl8ia«4 o^ts ^ # M s l s o f 
asiE© .aeiis faF %IM i a i t l a t i i m o f t l i s i i^j t iet4#s pisje^sa' 
ecKJsM fe®. px-essnasMf" lifik@€ wltM tfa#- ii<et£%'^ e parti.eipa--
tl<m o f **p©ol*'' ^mtsm sal4s t a tli® tiAX^^'^a^ ©f- p i » t e i i i s . 
Csasi^efalil® emtfcssis <if trFpt#pk®®s# tef E, ©o i l ba^ 
SissG i s tiKi ®te€a©© o f litstttia®-- i s tfea lB-iti#%« 
i i i i a« t i ¥« ©He* yallfe,® i a trjpt#fi imia®B i f i i i ia t iaB# 
gim<20®© Witts, s a i witboi«,t ^i,ppl.#si«iitiftt©ii. @f t ke 
grawtl* fae to ra . fi®re atgai.ii gi-owtl* o f .en l le ^as not 
iOl 
^ i s ^ « . . Its B#slim f ^ ¥ i i e i : mlth tn&fg^iie ^it-^o^ea 
wltli fi^ia© w^m^m- &r witii ptiilB© fliia ergiaia©, tii@r@ 
sail a# afpre#iiitoi« §m^th &t Va^t *9«« ®^^ Ist.#2, tet 
tli<e tii4tteti©s r a t « s ©f Mst t i aa© were t « i ^ ^ s s ^ a l -
f i@8a.t. Iter* t t e ^3»9miiiB ^ s l t e is®titm- c^MMmM 
glisesse ®s^  ©a©rgy mQUxm^^f tim ^ ^ w ^ of <^ells- ^ao^ 
fiatmralif^ ©lieli f a s t e r tijais is. iM# sia.0ti4 S8>3.ta 
ssii&w. wissr® #si*fe»B ^iir#® '^^s fspoa tt^ MiMmsmr a«Jl#-
M©tiilfi« Mit tla0 g-^ awtla .fii©t9r» gr0Sftli. ita© ao t optiaml, 
^ t tSse inAu^tSiea ra.*® is&s tb® M-gfeast ©f al l , c^aMim-. 
t i o n s t^-eiS* 
mi^m^B «iiil ai*a ia«t px-mm^mM.^ lliik«4 t© ttee Hfiisai 
ara featfc pTl^B^ily isiMsibl.© Im .Ratals'® .«tettl.^ g^^©st 
s e e l a a i ^ iB¥@8ti|p.t@d 1,8 t&« f reseat e ty iy wl..tb iriferios, 
i t tiomli. &ppe&r t h a i grcswtto sf e@13^ to amta© a®lia 
s.@4.1i^  wltljoak ^ikWQOB® .p.tt^al8.t#^ tiyptafpfaauaa© i M u a t i o a 
i02 
«Rey©a® l a aet i^e' ly clawing -©©lis is, a gim«#as-@4iiei*ai 
8®lt« ^© i i iM t til© eagyae tmlM^tiai i l a s wm^smmm«& sS.pi* 
i f i .eats' l i^ ' . &3rowtk o f #0il.a I n SSIBCI a«iM s M i i m wltl]i«« 
out gltt<3a©# aoiil(t poae-ifeiy ies i , to ejnt-liesis ©f ti^-^pto-
pjsaa© i€rf@l8 beyoM. Qi« optlawm f o r gx^wtli,* l ln ie r 
#m«li elreiBSstaiiees tbm eel I s emjlift pf^dn©© Msr© ©f 
tfyptopfeasisse to d«grMe tfe© ^ i n s iE©id ani. reiptlat© 
t&e i|3tmiftk. Mkmmtmei, l a ©©11® growisg l a gMeaBs* 
0#ss«rf l&BMtm^. -te ti-ff-ti>f&aa-,e f«i^at i@s aa i i t s I n * 
pla©© wliieh tma tn^imm fti^pts-pltsnas®. f t e same a j ^ i i -
meat omi. h& nMyw&G.^ f^.r tisa aattir© ©f i i ^ t t ® i M l i . t f 
i s aii^ed, to t i l l s scaiiaB., g;y©wtla i s i u M M t e t a l t lw iu#i 
ffee rep^i'^n-Slsa of Mstidsss© hf sss^alu®. s a l t s 
©r peiwusttlea of I i i s t M i a e i s t o tE@ s i t e s o f ^ « ^ ©el ls 
^ ^ ^ a i M s sa l t s ©etit«i# pw&mim&h'ky %tm m^&tmM s a l t s 
1 r 1-. 
103 
fs.r ft}*® |jB*iit©tloa o f Ms t i i a sc i * Ja^yalitii. .e^t-@ s i i ie l i 
gsla© «®M.& art-ft© fef p r i ^ x y ^ t s a * ! ^ « i i , t*a&8^1*» 
ismtl#a r«aet ioas smi^ tiwg f r - s^s l% ' fp#r^t% t&® p@fs«©* 
lai«i®M«». ©f M,©tlias©* f fee wmim &£ g^s«*^sti:sa ©f 
l i i « t i € i ^ ^ Mm - l^meart nouM tlais: ^ mmm » f tfee 
f a s t a ^ . t l M t r © s t r i # t Mat l ias©' ^:R,^«#ta.. WMl® tirf.® 
i s tvum o f feotli t l i# w l M «ai: piii?is« a»»i*w»pii ut i^tmSt 
tia® ia.lii,teiti.Qii isxe:}i't«i bf ass«®li» cat^s mm M-MtMmmm 
f i l e @ff «#,* df• t®rt,s«s ^g; , , j« ^M tfc# l»i.ii@tloii 
•ffTm&mimm ®.f piirMt© -e^eMsimHf^ i i s l s©^ the i a g fj«i?iM 
0 f i © « l . ^ ^ m i t ® « iiesi.a4 I b ^ telactloit l a '^& ftfea®i.«# 
o f tls» pMimmm* l« i iM«s tM.s .reto^^lsm i n t l » l ag 
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ill the emsstropiia. Iii %im i.eiAl# eaii©tiK»fla ^^^^t 
mM%iMiMe plus M-ifiiii-a not ©Rly sboii»lie€ tise lag- pert.©^ 
l i l t a l s s lsj©-aaht a ^ u t tto@- ffisaJasm sttoala*tcsa ©f 
f« ela3l.#jgm# i® ©attest f r^s tlie #i^g©® isftale® tMMvme 
gf^@s. i a f i g s , t 4« t9 . WMl© g i » ^ s « o r f»ii«t9«« g i»s^ 
f3m©t©s«t ttptaiie of s iygas ©a seas®®© ^©it^i a lag-
t a igass^oss w^ e^xfeiMtei toy fetfe- wlM -issi p^jpiiae' ®3xo* 
tKjpli st3P®.ta©« l a latfeg «tiiisli. r^fnir-sfi onif piirt.iie for 
t#ii®li tli® X©v®I «f gliiesa® o.«lfe-tie« %j t t e ©fell® ^tmn 
ml,mie a r «,rg.tttlm® plus a4.^iis« s*t3Sii4&t#si '^m- r « t « sf 
sarnies® ?i-®grMatic»a iaii<ili Bsr© tfeas a t en t ee &S>.Qnm* 
frtm ^.ajmati© atlaptatiQa ®i5-e:^©«iite.t a l l 
a fps r^ i t a e t a t e l i e r e l a t t o a ^ t e n e a . fiiiett^smt gl^ ©<j«© 
Slid minaose Ims h@&n estafel.is&«€ l a ;ggfiii^iai^mii.^c^iis^gaaa 
(Oh 
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(I5«^m m^ a«i.ili&s-9 1956)* f i l e s r g ^ i l i i i i® st t® to 
I ' e s i l i f u t i l i s e glaess© %" w^- # f f l t teoMass* !»«•©»« 
p.«e%i'r« O'f til© eas'toos #3tti'## af tlu® sMia®*^ f i » l e 
fmet9S« gssms c # l l s mm we i i as iOsel:r ^®tdp l *»- ts 
t i w i ^ ^ r t fflftiiiMSiiiis. Ms- bt«tt 'ii^iitest by (^^W». o f ©@llis 
©M f;y«@t#s«« SaA s fe f tmt l sa fa^ t t i s r ;iai-W9«# a s«eoai. 
©el ls en ms^mm t l i © ^ i s a « ^ . fer t ^ W J ^ a ^ i t f e i ^ 
a f e f t i ^ « mm^mm ^Ism as Mapt-iw^ t^8®sf©.rt: «#@it^i4^ 
lob 
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fi^^tfe mi £«„,StolMM. ®^  frae-to©® was. mQ% m&m^ttwm* 
@©js^«© stSliff iaMoa was ^«,ptit#e in. ^t^wlmm imAmv tb& 
^Qv^lttmm mmpl&ymA in. fe# p*®e«Bt s f t i i i f . Sta«# 
jsmsiass ttttltsfitioa ®a»M lsif@lw@ isMia#fe;ia#@#.g pfe^s-
mmmmmm ^mrm&iiBm.0. I t ^« l . i hm wsrtteMie t© %&Qk for 
?|iyi^.tit©,tt¥w eiiiMtg«s ijt %li®.s# mi^'wmm i i t t r t^ a d ^ t » 
• ' .All. tfe® t&.s^ @ iait ielfele, syst^s# stisfiicd. l a 
o.f P«rt©«: C^t94| ^ 1 tli#. #ffeet. o f useieil. rni ^se ii25a«iiticm. 
g€HJ«esl. t t e t .SUA ayatfet@is- i s |>f«@imsM^' ^ e s ^ ^ t i a l f o ^ 
tfe.e is i t tet t 'Ss ©f etusfs©,©. oC-Gl»g©pl4a«e i a jeaa t i© 
ai@a fesoMi te i * f s » i «p®s .a ©^pa f e..f fari i i ;«« mi£ 
1955) • SteSjysss #j«^.a!Sla ©an fe® laMM,*gi . %y r€Stri«t«« 
tug Ui# supply o f l?MA ife^arss^jrat ^F *h© pr©@tii#« ©f 
pi*.ilJi# i3ii- pyrSjii€iit)B iiael-©^®e M i i ^ riSisaiml ©f EM 
I t s e l f C®®ii.*^®mi®, 1$58| S&l^^s^st., I f f iO) . I.« ©#11, 
pf f f ia i i i t i ies stiai^mte© ifidu^'ttem # f / -g i i la©t©aMas#* 
al-^€Sii^- tfeer^ i » .so mte^lisf® r®<|iil»r0Beat f o r ^mmu 
I . ' l 
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feasts- i n ^ e gfaeeae. l a f i t t ^ t i oa # f ^^^guia^' tsstfee© 
t K > ^ i < i stf-aims CKiiisk«e» If^Xtei f f iOfe).. f i i e | j i e £ ^ © « € 
ia©«>sp«xmtl#ti o f I I A pr€-©ttrecir®^ i s ^seespgaylag eajsyae 
tiitM©ti«i2. I l l r*0ife-.gjpo«iag ©®.li® I Cl^Jitif«SR®# l 9 S i | t fS©) 
w^ t i l i . eJLss suggest ftte# s s d l s t l o E m$ ifllA ®pitfe©s4a i s 
l'Kd»@tlc«i, fli-® is l«©t l .© j i o f y3»ga isc . t98 i i«« t i s SQ®» 
teen l..SME»i t t i t l i , t l i « toifis¥«r o f p^e te te t M t o^^ewr® 
m twmmwmm ©f .MA C ^ ^ t e l s t ^ s I f S f l Ms i^e ls ta is . ^ ^ 
ISal'foi"e9ii.,t 19€0). t i l® r©@«Ita. « f %tm' pres«5St ©ttsiy 
i a e©3J. miepniisiiisss ii®ft.@j? o?«*iitSoi^f t^:©ir# e o l l gr©»tl i , 
© ^ mm% f f t j t e i a syatij®®!® € t 4 s a t %fMm ^Ise©*, Psj* a l l 
t l i® growt l i fr*a:tsjp m&m a » t i»a.i®p©as®fel.# f o r tk® .fojmi-
st l -aa o f til,© .!EmBfm®s, fM,© wosiXi fe® i is ^safosasi ty 
i a S j . ^ , ^ ! ! p&age-realatamt p i^ ta© SMK>'^I?©|^ C^spts M i l 
®r E« ©o|.i->1l3«S C^iffistos M u r t l , f f f t t ) . i » ®^p=i^if*ti©s 
f rom « ^ « ^ a a l BS,fep©g^ 5ioMr©ee -e^i fee- ^£€mw^- fTom Wm. 
1:98 
«fiiii<i a e i i s ai"© aa tl»© matii l i s® o f p,jrotelii ©jnatSi^sle 
CHalv^risoa, 195®), i t i s q0.%® l i k e l j tteat rcsstlng 
growm e©l l s i the iegra ia t iam « f trfptoplisi i© to iadiole 
l a t t eK t ^ » tadi ist ioR of ti^fptoffeaaaae teg hmm fo^mfl. 
tci toe ffepressibi© by ^tt©«se wtere«@ l i t s t i i a s e 
iMtt©%tott i e m@t affeeteA toy carbol i f toate. A l l the 
tteree tajdltieifel© ®yst«Ba st i i€ l®t are ©ttatt3jj.%el hf 
tit© p]pes®ii«@ 0 f pisrtee© i n t l ie iMT«eM©n mediwa. l i i i l ^ 
ClIAPf . ^ . f 
mmrmmms Qf pussiis sm mmmG, mim 
m WBsim mmmsm 
1 
•J. 
"g&mmip sci©fii s.tt«spts tiav® b««ii mai# t*3 .Rf^prsi^fe t l ie 
poratls-ii'.f f C^ -g i ye laa i n te tr ic i j lo^^taesme a,eld 
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Si^®iae ist© i?@«tifl§ ©«I,M af irifeilos hmmm feg^t ire* 
parted ^y SagiS:^  @t^ .^^ g| Clf^^l* tli# gi^ ®© f a t t e i ^ 
«o-Mr«®© atti'tablf iafe«lle4 hj f« et»X^gme ia si^»li5« 
eml.tm2f©s mmv& h%^m. mmskmi ©at Isy Ii^siw^- ^ i 
Tim §we&^% wm^mw% i^w^mm^ t%mmM itiHte.. i n -
a^^atzi® im."^ MtM^mtt ^m&llmXm^- ixmrntMrnm #f ^Wi 
»Af siaALs mm sssiiasi 
lfis^@i« miM '^mm m%tmmt^ twmm t&e e# l l s fey 
jfs^iitt:© ws® #pi?ii €««ii lafei «^sli«i; wl.tte S «^ es^ f S pei* ©est 
fCA, m® e©mM.fi®a ext^®e.t mm vmm^ tmw WA ®ai MU 
' ' / 
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If56) a s i 0.2 ml llClo^ m&a ^ c l « i , fii© cjolms^ ^ i s 
€e¥'@l,©p#i "bjf ificiifestlofi. &t 2S to- 3Ci*'C ^f^r 18 immTm-m 
fte© Qft lea l i,®asi%jf' a t 600 U/J- wmM .siea®arM with 
prepared fef <tltii»iirt.ng 1.5 ^ . ef pjEy|fi@4 difrfei&aj'la^iii© 
i a 100-ai ©f aeefies se id CAE> Mid @Mlsg 1-5 sal ©f 
eoQ©. *%**^ 4 bei'ex*^ w©.©. Cl«t ®1 of s.fa««es a©eteiisfe|-4i© 
(10 l ig/ai i %?i® a M e i for #ae& ^ s i i^iigimt re<|air«?i. 
1.5 .Bii of fCA ej:traet was fttHM t» S isl of 
&. mmtiw h&tM. i^r 30 fftiiwt#e and. ©c»Qle»l in t ap vmtmr*. 
watier aa i tti® yaagsnts* OreiaoX reagent CBi«^i,$ 1946) 
WB& ffSfmr®^ by fiissMvifsg- ISO sg FeCl-a is . 100 nil 
cif o re tna l In etliaao-l» 
l^m^mMsKst.sli^s^m&is&.^A.^a'M 
12 
0»85 p^r mmA msilum milMSi.-&m ae- mm t e ^ ' r® f l a t t 
f 0® ®1 of tkii ## i i ©asjp^^isioii ^rc« ir^&vl&^M. 
2 ml C - ^ ^ ' e l » e l%^m/A} ©I" t .el C• ^-eii-CSlB© ( t/to/iil.)-, 
ffee fls®kr# ^ i r e f3l»k«m ¥.i^r#%jsiy a t 3t^C Mii. s f t e r 
m>m§&%miMf 5 lal «ais|tM>t® ©f tfe^ ©ell© «r®r« ^It tsiF^m 
mM tfikifi i s t e s t tufe#s e l i l ' l l t i t a en ie€*femtb.«. ^imwtfe 
ae aeasi*»^. fey t t i r M i i t f ©f- tfae soisfies ^^^ ras-©ri@i. 
14 
wm« tsfe:^ f iasl l j r l a 4 s i i|ls®@ i l i&ttil^i. waler-. 
ass s t a i m e e s »t©el. p l ^ i m t t ^ s , Ia<3e^aiBti@» s f 0 « 
1 s i ef l@ pel" ©ast T0.4 waa s i i a i «i«l tfe© mm%&$M QMiCi 
#xti 'aet0i ©t 90®C tow 15 siuMt®©.- fli® r©#id«0 im@ 
ill 3 m% glass iteuiliei wmtmr* Ms te>cfof*#-,, rail©" 
/; / -^  
13 
flaafce of SOO e l ^mpmettym Im arm i%msk mMm^i 
o f c^il®- from #s«li, H a ^ ?»©.r# wttM-ras^ af ' fe i ' os@ 
limxr i« i |©t^ i^s aiii. tsftis-tjn i a tes t tM%e©. 0#atsimfisg 2*3 
ml a f c M l i e l 10 pmr e^mt fC-ft. 6iroifftii ^^is mmm^imM 
fft>is t^^ fe iA i t f I'rftAiJsip i?@e#ri#i. tm a Siott^Sltiss^-rsea 
€Hk^e® ps^em^mteA M f % 6 . I a i ^ 4 t t e t pi's®®!,©© a f 
IjljeSjiie i s til© m^^fea r«yt*ye»scB® tfee gjm^t i . ©f 1®'^-
f O ^ ^ t l B B @f HIA Ml:4 111 At 
ffe# <mr?es stieswlag tfiA e i ^ " ^1 Itoisati^ai asr© 
tli-a gFowtli. eiir^ee i f i t l i %lm f'aTmmttmn s f ^ A itfs^ .111.4, 
6 f i g . I St^wtti eui^es - luS . 
(1) C*2.iie©s©-.miii0rsl ©alts medteii-
F ig , t Sfa.tli#siB of IIA - laS * 
(1) SMeose-^iii©.rsl ©alts meMiM * 
{2} 0imeos©-al»e£^ salt© mMiisiS:. 
F ig . 3 Syatli^si® -of MA -* I sS^ . 
(2) 
#lKe©®@-Biaeral salts mgiii^ i» 
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i t , ©iM fee m&mi t&af %li® i,iffei»«s»ea I s %im wm.M mi 
fatsiittciri ©f IllA im presence ©r«A 6fes^ »©® ®f .^j*©!©* 
ia tli'* giffi® mm Urn Mffmrmi^ in g,w&wt& im€«r t l s fea 
l^^^^Maa^«j I i^ iMsa 
fi^ #«M|i3^^»a|^rai^^ 
•^th tfe0 -Mid aa#.- tf^ - s ixa t r©^ m^sdmmm . ^@ ^ i M -
iiia«fa,€ie aeS-A and. pr^tmim 8jm ^S'emmMoA IB-?I#«, 0 sfltli 
f&® effort af Mftniae; «m© i©t®f^a©t cm tli@ 
sfeona its Fl^, IQ., sfesaa#® of ai.©!iia#. tn Uim mMiJum 
Fig* 1 Qi^wtli imr¥©s &t laS in gltifioe©-
f ig , B IseofpoifatiQ-a ©f C? "* j^jrciae ist© 
z 
c 
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C1) OlueoBe-sjiJierai salt© seSinsi * 
ll..g.. 10 Sff®et Qi ^deatue on, th® iEc©.a?porsr-
a<iM (1 a l i i 4) aaS p r o t e M (^ aM. 5) 
(3 & 4) 61«C0S®-is4a©f^ Bai ts ii,eainm 
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(2} i-Mecma-^toiBisl s a l t s ®e4iaia -s-
ti©a of 0"14 glycine in to n«elei© 
aeM (1 Mid 5) s s i p.2*o%eis {2 BM 4) 
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ws© ai4®i t a all, £1&^&&» Wbm rmmiX%& pwmwm^^m i s 
f afela f t^am that a l l %im lalieiiGsl adealsa pi-^^ imto 
mieiete ®si4. la tia® tM'®-© esiltia-e© and tfe© gi^ostli 
fit© ®ff€efe ©€ «r^liii.it# •Mii. glii©is«e was i«t©i?* 
©_iB«i mk thm ,iiic«3?p0i'ati©m &£ S *»ai^ il.iW3r- into 
mialei^ «^M.« Use fw«P;Its sr© fj*#««8i*-©i to TmtM.m 1* 
I t @im fee se©fi timt SO' tiM^-rpofatiim &f ls%ell.M 
®i@iim# ©eeyrs in Mm mhm&mm of gltt©as« ©r mr^sia©. 
* 0«4 adenine. 
Fig*' 14 Imeofp^fst lss aS G:' "^^aiemls©' • 
(1) lisS^ 
(3) l i i tSg (ffieiima + .ad@aifie) 
(4) "^ 37 (iseAitffi 4' .a€©filBa)<. 
6 0 120 
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180 60 >^C 
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m 
& o g«w 
O 
o @ o o 
m 7 
msmmtm 
to %e i^r® && WA thmi -on !»#* s^-^mmtsi,, Im tia© '©aa© 
14 
flie s^Joi* pm£% of dstea^aJllf e»alMfel© g l j e ine goes 
€ -u lyu t i i s f©a«f@llf' f@il,»w@4 tli® gi^wtte fs t t© f is , • 
t l ie niKiiffla t^ a f lull©!. ifH*.o«*p0imt©A is t© •|iael.#i# asM® 
WBB s l - p i i f t c o n t l f SDiJse tias© t l m t Iseorpei 'a tM iat© 
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la#o.rp9ratloti, &£ C ^'-nljrsiBt la. ipwwiiig ^ i t s»ft*4ivi4ii3g, 
d e l i s t i * woald "be- mmm%. tijut im tfe® »«a©t««if&® V^, GM, 
I s l S t th#i^ ^@ iaoorporati-os of tis.© I s f e i tat© tefli. 
®tat.^, Thm tmMi0^®r rat® was fcigiiar lis. f^ ^ ^Wtes Sa. 
.i»icl.@ati,d.©B« In i a1 i2 a i s0 t tlie.r© %«aa © l ^ l f t o ^ t 
iaes.rporat iea tn tm f i r a t iitE% mli»i:t©s tm %hm wmmtSM^ 
stet®.» 
ws® p i s t i i i a tM timt t-&e is4ii©ti#ri ef saigyas® i s tlse 
•r^atlsg pliaa« of ttie ill«^i&o 6«jsM fee due- to %m^m^m 
m 
SejRitim M tii« f*®siii1;® pr8»^i*ei, iix. Flu* 14 
r^v^al. t ha t C *^>©d#«ilm0 g@%« iaco^pa^-atM ©gSfilf Sute 
tli® n a e i s i e isel4i? of tiim e e i l s ®Bi. iiieo#p©imti©ii t akes 
pla,e« ©My i a tli® ^^-wi»^ pM»e.« lis tlie €OBI^3^ a»»atr®f IJ 
argimise ©tiaittlatisg i»ii««#iirMte§ es®iit:i^®#. theF® 
was mo immni-^xnttQit mf C '^^-oS^ime a t a l l . . 
6ifels® i s a eQ®sai^  .prae^rs^r fof •^« M^eysttiesia 
af f i ^ l a e s iS- iJfers© M&t&0.&&lL towms* Ah^smm .gfe.^ 
C'J94S) w i ^ grswii^ f©®st i ^ Siitt#ii j t ^ C^fWl »*•*& 
//5 
gi^^iiiit toy tli@®® miem»Qrgaaie®fi for %bB mgmtMmtm #f 
l a HQt^al smt ttsay,©® (Belarifife s i i . wils^i,. . IfS^I aii<S-
i s 3mt t%m&it& il*& rage imd E a i i i a l f e r ^ r t 19511 • I t 
iate©* i n t o tlie piirlns Bal#eule> tim ©affeej^-it© aM 
oc^^^irtea stQM e c a t r i t e t i n g t© ©ssfea s.to^a 4 ^& f aiift 
I ' iag. §l^eis© Imm a 3 ^ %«@a s ^ s i t# lm tim pv^^m^jt 
of f l e ^ t ISA. piris© i a Pfeggegitte^^ mi^,|g. f S ^ t g a aisi-
IJaHei-, 1963). 
C att# -2-C '^ m^^ t^wiA "tttaS tlia l o s s ®f r^^lo--
efc@tiifitf -ia tli@ in© ^as^e waa vai^y ^^s^l ma& tii© 
i s c o i ^ r a t i o a i».ts tite ©ells wmr^. 26,5 sefi 56«-§ p®^ e ^ t 
r#ep®©ti^^f @f « M t wmm a i i e ^ to tiae sMi^as* "She 
aM 41 "S p©f e ^ t asi. 36*5 ^^ 35«-5 t^i* ©est i s t » 
cea t r i t e t© a isajor par t ©f it®: l a f e^ ^ f*^lii# of 
miel^ie aeSd i s E.»,, e s l i * 
I X 0 
m 
®M1S1© aeM f raetiofi s i^d tJte nf tsfte ©f eftisalae i s 
Iial£«€ witfe ^oif t l i , l a tli® g«s@ of %im i^nM© 
ths.t walikB giyeto© or gracooes tJi@i« 1® its isiaos^iisstloB 
af sdc»5iii# teta r®stl-iig e s l l s of . f£ . , ,^^ |^Sl« Slsce • 
#e«i^^ife&tl#.-t@t i t Jilis^iil4 %e apparent ffoci tli© remi l t s 
of tfe» f i ^ i s ^ t ^te.^y tlMit tl2@ ^mi^siea ifisr@lv@i i » 
oos^ei-stoa ay® ©tmatftiitl^® l a tten Qi^^ai-is^* 
emit® mMtim hm& m OBSI I Mit •^©x'©#^titeie ififeiMfe-^ 
ifig s s i seti^®!^ uK>wliig phi^€S ©f wtl4 an^ par tus 
i© aifiiifleaii,ily mors i s the g^mslm^ ^mmm ®fii IM t&© 
\k4. • 4 ^ 
osslf im t&© growing ptea®. l a •*&© ienM.® aiisotx^pii %tm 
alssrtse o f a^ginifi© -tmmpX&X^k^- in l i l fe i ta 0 •«*at«fiisa 
Gmm-m m 
Slia&IlT AIIB . ?|0lfCKI'S2«BS 
•wMrtiWwuna. m.mmxim' 
fyi-* ei nz 
mmFfm f i 
sa iy %f guanine o r tifpo,sM»tfcta« i^id siot ^ ^ ^ © t e ^ 
1.® m% m s lap lM.rtli®r r€^^ir#i ffisa tte® t a l t i a l ti^Rsfey-
efe l i^a t io i i a tap* 
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to I?® mi.0-d.it&mm%l$ ln&l.teltory* ffee lsM-M.t io i i % 
•Hieac* drug® 1® rei -arsM % sii«iiiae g©x?a i ^ a i l l f - t i i t l i s -
«1M e-timia 'tlmsi i s %hm ^^itso.te« Ai»i^: tfe® s ^ t J ^ t l i s 
p^rlB© siit-#fl#iilsta t ® # t M tist foilowiisg, w©f*6 faismi 
t0 fe# i u M M t o i f i ' i - ' 
Th® imMMt-^r^ action ©f tli® p^timm mxt^^sn^mtm 
0 f t l ia argtsiiias* fh® ab la t i ve Siffer-eoiie i n -fb® ie^ffie-
'anslQgtte® wMle w s i i ^ #ialsgfi. sisS ©t i i t ie i i ^^ j ci^.^afS8 
I s pr^sJiaablf l i s ^ ^ i witis' tfe© n e t e b ^ i i ^ eta*«s o f 1 ^ ' 
©©l is * 
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t M s cespoiiiii g^p«sr«rt; to fee a Bos*a#e%l%^# 
i lasot isafe le r ibas is l * o.f ^ i ^ S a e r^ lat-ei t© ^CA,. 
ffee encreitios o f tb'S ^^is,® was fsusA t o be Qftia^,4 
im faQi©piia.te lmf f#r - ?aetar« aff«@-*tsg t^&e i*at«. o f 
•0i©r#ttost o f %tm ^ i a ® was u t a i l s d «M.^^ t M l s a t © 
t l ie spi.tfa«#i« of tfe@ aaS-ne toy tais®¥@^« 
resetl.Qii i n t l ie syii,tfe@8i# mA €K©retios ©f t t ies* Mttau®* 
f25 
a t m i i i t : te,t d i f i iss^ t^ i,«Mi4 to aai' ^ 'S taetaMe r# i©ss« 
o f nmc l ' ^ s t l ^ ^ i l l ti'i© ©;#<liim,, as bss fe«€m s-to^s. Sa 
© t r a i n s QSM i a t l i i s s t e ^ sppa*:'®iitlj^- H l f f e r f f - ^ i -
M- i i t i - on of t r aees csf adci i lae t a i i f M . t t l i e 
mmr® tJie M t l l i E a t i a n o f iiiiiiiiQa« % £ l i ie«s« asid. f iws tos© 
gt*£»^ © © i l s , tjrjrptQpliMis©* arai , l i i i»t i ias©- f i l e •silapti '^e 
Better® ©f emim«j'S#. M t i l t a a t l o s b f l^tfe. wJJ.€ imcl, ^m.rlK'CS' 
aamsatrapljii o f V»:^^phQl&^§§. mmm i e te - i n i f i e i . mtt tim feast.® 
ug^ t^e ©f m^^mk && mmmmmm s fewet teg mht€ti. waa 
&%sijt.eli@i. a i i ^ i t&e © « l l s w^re gx'stts s j i oSseBgi ©s i t©* 
i[iaaao©€ medi i®. fJs.@ r a t s &f ® ^ g ® i , « f t «^© «as 
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til© .rat# i&f mmm^m€ 4«fr«4at io i i mmeh. SOJP© ttoaa 
mt i l i sBt i#m was Mapti ir© ±a wiferlCf® «i^.«i' eauAit leas 
®^pl#y«i. i s t h i s ©tadJ, 
I s i i i i i t i ^ a s f l i i # t l i a©# was st««li©4 i a pi^spfaate 
s t i l u s , g-iaa the gr^wtla feeters wna- opt isa l . fex" feistiissa 
i f t iwa t ldu . I s t&©. «ifcsfflac# ©f M s t i i i m e i s ttie .liiiMeMea 
asd tk© gffQ^tli ta©:t©rs» gi^wtfe a®# sa t « f t l s m l hmt tm 
fh© i*«pi*ss-toii # f fetetitss® hj ^mQmi%m ©alt© ifm® perfeSfS: 
€um t© ^ # iilfto©r ra t€ # f f««ii#atl®® ®f a©®a®im^ s a l t s 
t M s y i a t a f l i i s t i d i i i e ia'l.0 thm sit-® ©f 1^# c e l l wtiere; 
mMl«m e»tt0iie-rately .r©am©«i the l e g pe r i s t n e M ^ f®^' 
fstiKd ta fe@ a su i taM# laeiiKa f o r ^10 :Saiae*l#s c»f 
-,1 
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tr^-p%«pli^ia@e in wild mi4 parlite aJixststjpM. ©f 
l*.-..^.M^^S^fiM' Giasose wmm tmm^ to fe® iuisi.tiltoi'j 
ioT %tm f©iaa,tioii of tr^ptopJmi.isae. A.4Mtlim ©f 
ai^i-Sa© fc© tim taiii.©tioii s^iiwis not eiiij- s t j jsalsted 
tlie ||i^i?tis of ausdtispl'is: in. thm &SiM&mi.mm amM& ae-€iwB 
fs«mmtl:Ois. wltlsoiii'fe a f fee t iag tis® lag liiase* 
siixst.r<>pli.e warn psmmimm %m m^m^s^mmis^ ©©lie tlje 
SiMii^tioa could fee expMlaM ®B ^ e M s i # «if tutitsve^ 
of pr^tetixs. fli§ r#^ili*®aim.% &£ ps^fei^M i ^ i i ^ ^^M* 
f s r tfc.e nadia t l sB of tii® im^M^ti#ii. §mim&Mi &miM %e 
'^ pa«l,*» ««Bimj a e t t e in. tfe#. twsms'v^S' &i frotetejs..- Bs-tli 
M s t l i a s e and trfptafksia^® ifar^ #ow.t tts Ibe tudis^ti*?®! 
tfe©f a ra -net pf©^aiaaMj il®l©d t® tte® «®f®al, m&tMht»kt^. 
p a r t i e ips t loa iu tii® €ef<@si«tim' B^e&oEii^i; ©f th» eslle^ 
lispeeSally winse sf^^Mist^iret with tolgfe ©casn^ntr^Mea® 
All tfeft thx-mm iad«@iM® nirstess- s t M i e t i s 
Kff®et of glyeiae ©a i|£«®tii.» teeo.^p-orstiaa of 
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0 -^sidfflilfie @sd G ~giyeltse in to thm !Bii©l.©i@ ^el4 sai: 
f ra t l in , wmm stuA.ieii i a wild as<l parfm® r©twlMftg 
fer©«|^tllil€ iiilii%it©i"f a c t i o s #n i p ^ » ^ fjw2»«^ Hi:Wy 
i s 6l^J,fliesfttlf ^WQ ill ^ e ^cuslag .gtes« aai. in-
@-ttio-t3fdpfe© I s s t i amla tM % tlie ffes^as© ®f' tit© gi^aw^ 
fa<it#i®» She 3mt@ Q£ i seorferat iom cif C •-^yeiai® 
geaeimliif followed %im ippofttfe futteisi^ fent t t is i^miiii 
mowm Uwm t l iat inearforntiSig l a t a pi^t#.iii*. fteere wae 
pi*9t«is #¥©11 in %hM: i*oii<«*i¥l4inif sfet©* 0 "^-^Meate© 
Bm^IOSEAM 
''h 
ll«ii^yp!©t-©s-;» ll» a s l 
jUs-ss,* B.W* ^ s i 
ss§1* 
A i i ^ s i , II* aiMl 
M&lw&mtmwm^ B,.!*. (1959) 
J"*®@1.taSsetf .lies,. C l a i l aS t 
J ^ i I f f . 
^^144-4* 
t l iM* . , $ag§6S 
ioa 
13 
s i l l * 
Wilsoag H»M» s i t 
hwiAtf- J.fe* and 
l @ r ^ ^ a , S*JJ* ( I f 5 1 s ) 
Brfs©.teaiit &•¥'•» 
Sparks , C« a M 
Siap:»©a» !f.S« ( I t s ? ) 
2s141. 
rf,l®l.*»iOl»t: 
St€tS* 
i f - «.»'tf « 9' 
Sta t t , F 
milt- t . a . Ci9!>5) 
J f i l f S . 
151 I f f . 
Lf©to«Ms€ll®Si*» • f t l M f * 
M' i^©©^ l a S'^ i«t iee, Wot MX t 
Ci te S^sniaMcm Sf ispsuriiis 
1B2 
Issfeaasa, f.M- CI960} 
Biiiaet^ F.M. (194?) 
Cfesrfb«rf.aiii, S.9 
ll.i©is., G-«B#f 
«oltoi,» w.S, (1959) 
C » i , . C.F. (1957/ 
dairies, ! • sa i 
O&l0t l . F . (1953) 
l i s g i ^ M , B.Ji* ( I f 50 ) 
Bsirte, B.15.' C13S2) 
lew l<»ttf p^'MS* 
15,8 2-2?. 
* 
^ 
IfeM*. II El 
l a te r® , I S I s l ? ^ * 
Caae«i» S«»^s^eli» f#s44f.-
60s I t . 
J • Bfi«:t)^l©l,. t M ^ ^ 5 ^ • 
/^9 
rsmlm^ B..B. i^9&%) 
fi0ii,€j't &*&* C19501 
flasiilA, W.I,, (1947) 
IriiilMus. Slmrtif -Cl»li. smA 
Itstil. 
BUrlvmmt»v&9 •!).&. (1953) 
SuMif I5,B» and, 
S©itb» J*l) . Ct<f58) 
I>«fi», I3.B. C1959) 
w i l l i « - 8 , A .£ . (1960) 
1^4 M 
•Fal l la i^ . , I{. (195?: I,.FIi^si®a.*mi®s*, 2OTs6t 
^ 
flate»» #•§•» 
IMieb^iaiis J*S. (1957) 
f©x, C. f . (1942) 
l^aa-fsalk,, B.. ( I f 5 5 ) 
Cre€«be>rg» K.A. ( I f 5 5 ) 
ymm^ a,Ha (1954) 
0-Ot®, J'.S* Mid 
IJQlliate, K.Ao (1956) 
gg!lti03» 
f*laf^«Bt,»«* MiS: 
S4£f88. 
-?_m4 #Hol..CJfci^», ^ ^ » 
2 i l t 5 S 5 . 
e ^ t s , J . S . (195?) *I.Bi#I,.GIie©,..t 2 ^ s 5 f . 
/" 
135 
ao l l a to , I . A . ( I f f ? ! 
fti-^cffifesTfit € • « • ( tSS t ) J.Aaar.ak«s-..l i©^», ^ t . 63&7 
& » l 
C {19iO) 
Ha&:#la, l i . f . (19511) 
Hsrdms 1 . (19255 
llssi.es, e«S» C1940) 
!-|^"teMis S.C, and 
f i t s • iae t# r ia» "?©1«II. 
p-99» 
*45t« 
H2 
l i | »3«W* ^ ( l u 
l a t ^ i ^ a s , J" .11.. C 1959a) 
l l e i n r l c l i , I . E . i m i 
Miiss i , - A. ©lit 
£ .M.s l i ^ M m n i , Ci :U (195 
Jaeobf f« mm. 
1SM*» B|s37t« 
I f 113, 
.1.21151S* 
iMa*«. tmmm* 
55 
i M 4 . » f40f l .g2 
f g ^ l a r ^ H.?l« and 
#»Sol*.Btel*,j: 
J»la.s.t«sf.©l.,. 
01s351. • 
• •J . r . i l l i f l • '" '^ 
SIC?225* 
a. '? 137 
K.o«iit A*-l«» » 
19MI0, 1*A» CI952) 
%ms9 K«H- (1955) 
K.si^%®i'g, A. CI f i d ) 
Ks'etot H.A. Slid 
Efletess llti-i^tit Cll... sail 
i M i . . * 21?§14?.. 
I M J . , I tSslSf , 
f4CtIt* 
t%ti l . j IMs l®. . 
iMi -^ 1^29* 
• I <-«n«^n>«Bir '^ it»i>wi?';rtii.fiii 
Btai»li^»#. * tif56-t. 
r5?i 38 
^mmmsky^ it. C19531 
|j,.®i«.^®rg.|| S* s a t 
I t ^ , t.B* Clival 
i#^» j.s* CifffI 
1,^ ®!:,. F, i%m3} 
Bi^ ©&-®,t M.S. I f f 5 4 ) 
:a«aittk, B. CtfSt] 
11.15«0. 
l i s 113* 
2S4ItOlf• 
f i t a s l m Mid; lf@ 3^aa'@e.t 
l»e.t@ri«il*E«v»-« , I t s 1 . 
Siisetegsi*!:. • Q4418S. 
N tS I f • 
t f t :2 t l * . 
"13: 
la^#<«4., 11*11* &m^ 
ff% lU 1*^ 1 a 
^ffiaii4©I«1»a, J'* m&M. 
*tii«©t l . l * t -* C1§»J) 
Fs'lei^mi. H*. (1956) 
¥MmU9 ?• Ctf60| 
l©Sii4m.,'E. Cl9i©1 
I,iii©ft«ri<il..t M « ^ * 
ftsai-:^^^!*!!®!.,. ^t©gf9f 
l i©^i@.«t Bi«>p^^*A!0ta,. 
S0f ®€., IJ*S.» « ^ 
%i@l.©^,, i^s^t- J t ^L f f p*4t.. 
t26f '351. 
I t f f ' t . 
£s5i3. 
af t 3 ^ * 
i-Ui 
U&mUmffi 1 . ( i f f i i ) 
.in^&ii^Mi* ^•M, ( I f f 5 1 
loJLttstip S*f • ant 
lai&®rg a*A.: C195€I 
«•; » ^ - t 
S o g s r , P . , 
mi&©r|l# B . (1960) 
•l^p@^eiMa#. l f i t » * 
•Sae*.,. 
I l e i t i s * 
/ • • f -112 
Mer^. w«c.. ( I t 
OsfesB, U.S.* C t f S l I 
3 •M-01 «.€ljsia.* »-
^t^ 
.Bi©iiliiis»itoi^®# t 
143 
Oisttaa, i?.3.« 
Swl€*:» ,ic.^,. sad 
l e x e r s ,^ ..tt» ( I i55) 
Ml. 80, 
fls0aia®t a. CI96O) 
ll«il..<s^, na, mm. 
«««r» H.F* (n&n 
SMf^p ^ - C1f§4) 
f-esr^«r, J«E« SB'S 
3Mwe, ' i ? , CI953) 
Tim C e l l , ¥03.^IV« ««* 
C«M Spr t^ - Htyptew ii^po^im 
Mm 01, _HiBMCAflOHS 
1. Growth Btiiaiea on a Puriae lequi r tog Hut^ut 
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